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SUMMARY 
Problems of depressed prices and incoines in agriculture are directly 
the result of a large supply of farm products. Bu( a1arge supply of 
farm products is a function of the quantity of resources used in agri-
culture. Hence, knowledge of demand for and supply of resources is 
essential for policy and education directed toward solution of price 
and income problems of agriculture. The major objective of this study 
is to estimate demand and supply functions for one resource: labor. 
Demand and supply functions are estimated for hired labor, family labor 
and the total farm work force. Regression equations also are estimated 
for different time periods and for geographic reg:Lons of the United 
States. Projections of future man-hour requirements also are made, 
Objectives of the study also include the estimation and comparison of 
demand and supply functions by various regression models and techniques. 
Estimates are made with general least-squares methods, small systems of 
equations, distributed lag models, autoregressive schemes, and the 
Theil-Basmann approach. 
Among the several series of estimates of the farm labor force, the 
series of the U. S. Department of Agriculture was utilized in the re-
gression analysis of this study. Hence, all estimates are based on time 
series data. Other farm employment series were limited either in the 
coverage of both hired and family labor or in the time interval 
encompassed. 
Demand functions were derived for hired labor for an over-all 
period, 1910-57, and for the intervening periods, 1920-39, 1929·57 and 
1940-57. The results provided support for the major hypotheses tested: 
The demand for hired labor appears to be responsive to changes in both 
the price of labor (the farm wage-rate) and agricultural product price. 
Furthermore, the level of response of demand to a sustained price change 
was higher in the war-postwar period than in the depression period. 
These results indicate that hired farm-labor demand response especially 
is related to the period of the business cycle and the existence of non-
farm employment opportunities. 
The demand function for hired labor judged to be the most efficient 
estimators were the simultaneously estimated autoregressive least-squares 
equations. The results of one of these equations, 31 of table 6, indi-
cated that the short-run price elasticity of demand was -.256. The 
computed long-run elasticity was -.32. The similarity of the short-
and long-run elasticities is indicative of the relatively short time 
period of adjustment of the demand for hired labor to a sustained price 
change. 
The hired-labor response in demand quantity to changes in prices 
received was also significant. A decrease in prices received of 10 
ii 
percent was accompanied by a decline in the demand for hired workers of 
from 3 to 6 percent over the 1910-57 time span, 17 percent from 1920-39, 
and from 8 to 20 percent over the periods 1929-57 and 1940-57. There 
was little indication of any"· change in levels of response over time, as 
reflecte~ in the regression coefficients, or the cross elasticities of 
"prices received" as derived from the equations. 
Although the rate of adjustment in the demand for hired workers in 
response to sustained changes in the farm wage-rate and prices received 
was estimated to be low for the over-all period 1910-57, this result 
appeared to be inconsistent with the results of the intervening periods. 
Changes in structure may have occurred to such an extent that the long-
run estimates for the 1910-57 period are biased. The adjustment coeffi-
cients in the intervening periods appeared to be consistent with theory 
and "common knowledge." These coefficients indicated that the rate of 
adjustment of farm-labor demand to a sustained price or other variable 
change has increased over time. This increase appears to stem from a 
growing mobility of the agricultural labor force. 
Regionally, the hired-labor demand functions followed a pattern 
similar to those for the United States economy. The elasticity of the 
price of farm labor for functions with significant regression coeffi-
cients ranged from -.15 to -.51 over the regions. In four of the nine 
regions -- New England, South Atlantic, Mountain and Pacific -- the 
regression coefficients of the farm wage-rate are not significant at 
the 10-percent level. The special farm-labor problems which exist in 
these regions and are explained in the test perhaps account for these 
results. However, the sign of the regression coefficient for the farm 
wage-rate variable was negative in all regions, indicating a.decline in 
demand for hired labor as its price increases. 
The coefficients for the parity ratio, a measure of'farming profit-
ability, lagged l year, were significant at a 5-percent probability 
level in:only four of the nine regions. The Midwestern and South 
central areas are indicated to be responsive to cha~ges in both the 
price of'mired labor and the profitability of farming. 
Empirical demand functions were also derived {o~ family labor, both 
for the United States and by geographic region. The specification of 
the models was the same as that for hired labor, except that both con~ 
ventional and distributed lag equations were used. These results, 
however, may be biased due to autocorrelation in the residuals. 
Nationally, the results of the demand functions for family labor indi-
cated a significant response to changes in the farm wage-rate. The 
derived short-run elasticities of the farm t-Tage rate ranged from -.14 
to -.32 for the various equations. 
For the over-all period 1910-57 for the United States, the 
coefficient of the "prices-received variable" for family-labor demand 
iii 
was nonsignificant. However, the corresponding coefficients for the in-
tervening periods, 1920-39 and 1940-57, were significant. This apparent 
consistency for 1910-57 results because the sign of the 1920-39 coeffi-
cient was negative, while that for 1940-57 was positive. Due to the 
depression and a resulting lack of off-farm employment opportunities 
the negative sign for 1920-39 was realistic with "real-world" condi-
tions. Likewise, in a period of relative prosperity and ample off-farm 
employment opportunities, as in the period 1940-57, positive coefficients 
are consistent both with theory and e~cpected effects of the spectfied 
variable. 
Supply functions for both hired and family labor were estimated 
over the period 1929-57. Both supply functions were derived by the 
Theil-Basmann technique of sinm1 tar.eous solution, and modified by an 
autoregressive assumption. In form, both models contained the farm 
wage-rate and the nonfarm wage-rate adjusted for changes in the rate 
of unemployment. The signs of the regression coefficients were con-
sistent for the hired-labor supply function. While the regression 
coefficients for the farn wage-rate were nonsignificant, the regression 
coefficient for the nonfarm wage-rate was larger than its standard error. 
In the supply function for family labor, the farm wage-rate and 
the nonfarm wage-rate regression coefficients were not statistically 
significant at a level of 10 percent. Further, difficulties were 
encountered in estimating the auto~egressive least-squares equation, 
evidently due to multicollinearity in the time and lagged dependent 
variables. 
Demand functions for hired labor which included both the farm wage-
rate and farm machinery prices were estimated. Theoretically, the 
relationship of these prices should demonstrate substitutability; 
empirically, the factors appear as complements. However, given the 
form in which the index of machinery prices is presented, important 
marginal changes are difficult to establish. Because of the nature 
of the aggregate national data, it is impossible to isolate the 
substitution process as it is affected by relative prices and actually 
takes place between specific categories of machinery and labor. 
Predictions of the demand for farm labor, based on the empirically 
derived labor demand functions, were presented for the years 1958, 1959 
and 1965. The estimate of total farm employment for 1965 ranged from 
6.4 to 6.75 million farm workers depending on the estimating equations. 
used. To predict the size of farm man-hour requirements for 1975, a 
"naive" growth model was presented. Comparisons were made with other 
methods of long-run estimation. For 1975, man-hour requirements for 
United States agriculture were estimated at 40 percent of the 1947-58 
average. 
DEMAND FOR LABOR IN AGRICULTURE1f 
by 
Stanley S. Johnson and Earl 0. Heady 
INTRODUCTION 
Agricultural income problems stem from forces operating in the 
national economy which affect both the supply of and demand for agricul-
tural products. Since con3umer demand for farm products is character-
ized by low income elasticities, a rise in national and per capita 
income does not result in a similar increase in income to the agricul-
tural sector. The per capita demar.d for agricultural products decreases 
relative to other goods and services. Products of industries which have 
high income elasticities bid up prices of factors used in agriculture. 
Hence, the farmers' costs rise relative to product prices, creating a 
"cost-price11 squeeze. On the supply side, technological advancement 
causes changes in the marginal productivities and marginal rates of 
substitution of farm factors of production. Evidently, the low short-
run elasticity of factor supply, along with tech~ical change and 
imperfection in the factor markets~ has caused food output to increase 
more rapidly than can be absorbed by population grO'i7th and a rising 
national income. Substantial surpluses of agricultural products have 
risen accordingly. 
One of the principal means often suggested for solving the farm 
income problem is in adjustments in the size of the farm labor force. 
Hence, greater knowledge of the factors which affect the demand and 
supply of farm labor is important in analysis of factors related to the 
supply of farm products and income of the industry. The demand for and 
supply of this particular resource, farm labor, is analyzed in this 
study. ~.bor, of course, is not an inanimate resource that can be 
shunted abr:uptly out of agriculture in immediate response to relative 
pri.ce changes. Rather, labor represents a human. resource with a con-
suming unit attached to it. It has many sociological attributes ~hich 
relate to its mobility. This study, however~ emphasizes the economic 
aspects of labor as a resource and examines responses by it in. respect 
to farm income, wage-rates, and other relevant variables. 
While a study of the total labor force in agriculture would be 
preferred, emphasis in this study is primarily on the demand for hired 
labor. The primary reasons for studying hired labor separately (and, 
to some extent.,. family workers) are: (1) The farm operator's decision 
on marginal changes in human resources is concerned with hired and 
JJ Project 1406 of the Iowa Agricultural and Home Economics Experiment 
Station, Center for Agricultural and Ec'.)notnic Adjustment cooperating. 
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family labor. (2) Hired labor is a more mobile resource and may pro-
vide an indication of adjustment to price and other changes at the 
margin. (3) The "price11 of hired labor .is the farm wage-rate while 
the "price" of family workers and operators is not readily available. 
The demand for farm labor (or of hired farm labor) is much less 
independent of the supply of labor. While most of the demand functions 
in this study are estimated si.ngly, some demand and supply functions 
are, however, estima~ed simultaneously. 
OBJECTIVES 
While information concerning the demand for and supply of farm 
labor is extremely important in outp~t and price of farm products, 
relatively little quantitative research effort has been directed to-
ward basic relationships surrounding tha resource. Improved knowledge 
of quantitative demand and supply functions for farm labor is of im-
portance to economists and national farm program administrators. The 
objective of this study is to predict these relations for different 
strata of farm labor, for different p~riods, and under different estima-
tional models. It is expected that these predictions will lead to useful 
knowledge for such questions as: (l) How much time must elapse, for 
specified differentials between farm and nonfarm incomes, before a 
specified amount of labor leaves agriculture? (2) What is the effect 
of varying rates of unemployment in the national economy on the rate 
of migration from agriculture? (3) What is the elasticity of supply 
response for farm labor in respect to farm and nonfarm wage-rates? 
(4) \<1hat are the lagged relationships of farm labor in respect to price 
stimuli? (5) What are the important variables which affect the demand 
for farm labor and the amount of labor held on farms in the various 
geographic regions of the United States? (6) Is the supply of farm 
labor highly responsive to changes in the farm wage? The results of 
this study provide some initial answers to questions such as these, 
and to questions which are related in judging adjustment rates and 
potentials in agriculture. 
While the general objective of this study is to investigate the 
demand for and supply of farm labor, the emphasis is principally on 
demand, supply functions for farm labor being specified in a two-
equation simultaneous system to identify the farm-labor demand function 
more adequately. 
The more specific objectives of tha study are: (1} to estimate 
and analyze empirical demand functions for both hired and family labor 
on a national and regional basis; (2) to estimate and analyze supply 
functions for hired and family labor for the United St:;J.tes; (3) to 
summarize and appraise the quantitative estimates of the farm labor 
force; and (4) to offer some predictions on the size of the farm labor 
force for 1965 and 1975. 
3 
TRENDS IN FARM LABOR AND RELATED INPUTS 
The farm labor market has undergone considerable change in recent 
decades, the general trend in agricultural employment since 1910 being 
downward. The total number of farm workers declined 45 percent between 
1910 and 1959. (See fig. 1.) Estimated requirements for man-hours in 
agriculture declined 50 percent during the same period {fig. 2). How-
ever, the rate of decrease was far from constant over the 50-year period. 
Farm employment dropped by only 8 percent from 1910 to 1930. Due to 
depression and lack of off-farm opportunities, farm employment increased 
2 percent between 1930 and 1935. After 1935, however, the rate of net 
migration from farms increased. Farm employment declined by 19 percent 
between 1935 and 1946, and by 26 percent between 1946 and 1957. 
Of the 7.6 million farm workers in 1957, roughly one-fourth were 
hired workers. The hired labor force has constituted about 25 percent 
of the national farm labor force since 1910. Hence, changes in the 
numbers of hired and family workers over time have been similar to 
changes in the total farm labor force. However, this relative stability 
of the ratio of hired to total farm employment does not hold true on a 
regional basis. Changes in farm labor over time for nine geographic 
regions {fig. 3) are presented in table 1. Two general conclusions can 
be drawn from these data: (1) The percentage changes in total farm 
labor from 1910 to 1957 and from 1929 to 1957 are similar for nearly 
all regions. Farm employment decreased slowly from 1910 to 1929, but 
decreased rapidly from 1929 to 1957 in all but one region, the Pacific 
region. (2) Differential changes in employment of hired and family 
labor were greater for specific regions than for the United States. 
No consistent pattern of relative change in hired and family workers 
existed among all regions. 
The seasonal pattern of farm employment also has changed somewhat, 
but mbre for family than for hired labor. As fig. 4 indicates, the 
absolute amplitude of employment fluctuations has diminished greatly 
for family labor, but only slightly for hired labor. The seasonal 
pattern of hired labor for four regions is compared between the years 
1931 and 1957 in fig. 5. Total demand for seasonal hired labor increased 
in the Pacific region, but declined in the other three. Changes in 
mechanization and the cropping patterns brought a quite different peak 
in hired-labor requirements in the South Atlantic region, however. Of 
a total of 3.6 million farm workers who did any farm work for wages 
during 1956, 1.5 million or 40 percent of the total worked 25 days or 
less ~~fg. 6). Only 750,000 farm workers reported working 150 days or 
over.Y 
~ Maitland, Sheridan T. The hired farm working force of 1956. U. s. 
Dept. Agr. Tech. Bul. 1177. 1958. pp. 34-36. 
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Fig. l. Total farm e~ployment, 1910-57, with comparisons for hired and 
fGmily labor. Source: U. s. Department of Agriculture. 
Agricultural Marketing Service. Far.m employment. U. S. Dept. 
Agr. Stat. Bul. 236. 1958; U. S. Department of Agriculture. 
Agricultural Marketing Service. Farm labor. Jan. 10, 1961. 
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Fig. 2. Man-hour requirements in agriculture and agricultural output 
per man-hour, 1920-57. Source: U. S. Department of Agri-
culture. Agricultural Research Service. Changes in farm 
production and efficiency. U. s. Dept. Agr. Stat. Bul. 233. 
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The demand for farm labor is affected by resources which serve as 
substitutes for labor. Relative prices of these several resources and 
the technology used determine the rate at which labor is replaced from 
farms. Inputs other than farm labor have changed greatly over time. 
Farmers have made large adjustm~nts in the resource mix, shifting from 
resources which were more expensive to those which w~re less expensive. 
Relative changes in prices and usc of major factors between 1940 and 
1957 are shown in table 2. These data indicate that as the price of a 
factor rose relative to product prices, and relative to the price of 
other factors, use of the specific factor decreased. For example, the 
price of farm labor increased relative to prices of farm products and 
other resources, and the number of man-hours worked decreased by 34 
percent over the period 1940-57. 
SOURCES AND NATURE OF DATA 
The data used in this study are time series observations of 
employment, prices and other relevant variables. The data are taken 
from USDA sources for the nation, except as other~i~e indicated on a 
regional basis. Several sources of farm employment data exist, and each 
has somewhat different implications for empirical analysis. Accordingly, 
these several sources are discussed as a basis for indicating limitations 
in the data and to explain the logic in selecting particular measurements 
and variables. 
Major Sources of Employment Data 
The major sources of data on farm employment are: (1) employment 
estimates of the Agricultural Marketing Service of the U S. Department 
of Agriculture (hereafter indicated as the AMS series);1/ (2) estimates 
published by the Bureau of the Census, the Current Population Survey 
(hereafter indicated as CPS);~ (3) man-hour requirements estimated by 
the Agricultural Research Service of the U. S. Department of Agriculture 
(hereafter indicated as FERD);i/ and (4) estimates of the hired farm 
U. s. Department of Agriculture. Agricultural Marketing Service. 
Farm employment. u. S. Dept. Agr. Stat. Bul. 236. 1958. 
U. S. Bureau of the Census. Current population reports: labor 
force. Series' P-50, Nos. 72-89. March 1957-June 1959. 
U. S. Department of Agriculture. Agricultural Research Service. 
Changes in farm production and efficiency. U. S. Dept. Agr. Stat. 
Bul. 233. Revised September 1959. 
12 
... :· 
Table 2. Relative change in prices and use of major resource categories, 
United States, 1957 as compared with 1940. 
Resource category and 
percentage change in 
price, 1940-57, as a 
percentage of 1940 
Resource category and 
percentage change in 
use, 1940-57, as a 
percentage of 1940 
Wage rates!/ ••••••••••••• 427 
Real estate£/ •••••••••••• 302 
Farm machinery~/ ••••••••• 228 
Fertilizer~............. 154 
Man-hours~/ •••••••••••• -34 
Cropland£/ ••••••••••••• -2 
Trac tors.'f../. • • • • • • • • • • • • +203 
hi Farm products •••••••••• 235 
Fertilizera/ ••••••••••• +258 
lt'arm output!/. • • • • • • • • • +41 
!/ u. S. Department of Agriculture. Agricultural Marketing Service. 
Farm labor. January 91 1959. 2/ U. S. Department of Agriculture. Agricultural Research Service. 
Changes in farm production and efficiency. U. S. Dept. Agr. Stat. 
Bul. 233. Revised September 1959. p. 20. 
s./ U. S. Department of Agriculture •.. Agricultural statistics. 1957. 
p. 572; 1958. p. 467. 
g/ U. S. Department of Agriculture. Agricultural Research Service. 
Changes in farm production and efficiency, ££• £!!., p. 10. 
~ U. S. Department of Agriculture. Agricultural statistics, £a· £!!., 
1957. p. 572; 1958. p. 467. 
!/ U. S. Department of Agriculture. Agricultural Research Service. 
Changes in farm production and eff:iciency, 2P.• cit., p. 29. 
gj ill£. 1 p. 16. h/ U. S. Department of Agriculture. Major statistical series of the 
U. S. Department of Agriculture, how they are constructed and used. 
Vol. 1. U. S. Dept. Agr., Agr. Handbook 118. 1957. p. 63; U. S. 
Department of Agriculture. Agricultural Marketing Service. 
Agricultural prices. October 15, 1959. p. 56. 
!/ U. S. Department of Agriculture. Agricultural Research Service. 
Changes in farm production and efficiency, ££• cit., p. 6. 
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working force of the Agricultural Marketing Service of the U. S. De-
partment of Agriculture, and based on~~ survey of the Bureau of the 
Census (hereafter indicated as HFWF).~ Though the source is not 
described here, a rough estimate of the number of available farm 
workers also may be derived from farm population estimates. 
Comparison of the major emploYffient series 
The most important sets of farm employment estimates are the AMS 
and the CPS series. These two series are emphasized in the discussion 
below. The remaining series are accorded separate analysis later. 
The CPS and AMS total farm employment series on an annual basis 
are presented in table 3. The AMS series of average annual employment 
is higher than the CPS series in every year. The difference between 
the two series gradually widened from 1940 to 1950, but n~rrowed from 
1951 to 1957. The difference between the two series may have decreased 
after 1951 as the Bureau of the Census enlarged its samples in 1954 and 
in 1956. 
Table 4 contains hired seasonal employment for the AMS, CPS: and 
HFWF series for 1957. During this year, the AMS estimates were higher 
than the CPS series for the summer months, but were lowe~ during the 
winter months. The HFWF data are similar to the CPS est~~tes, s~nce 
both sets of data are collected by the Census Bureau. However, t~e 
employment estimates for the HFWF are much below the CPS estimates for 
the earlier months of the year, but similar over the latter months. 
This bias in the HFWF series will be discussed later in this section. 
While the three hired employment series in table 4 agree on the 
months of minimum employment (December, January and February), they 
differ on periods of peak employment. The AMS series indicates July, 
August and September to be similar in the number employed, ~ile the 
CPS series is bimodal. In previous years, the AMS series also has . 
been bimodal, with September being the month of greatest employment.l/ 
Discrepancies between the CPS and AMS series exist because of 
differences in concept and method of enumeration. The AMS series essen· 
tially estimates the number of farm jobs, while the CPS series estimates 
the number of farm workers. Both series have relative advantages and 
2/ Maitland, Sheridan T. and Fisher, Dorothy Ann. The hired farm 
working force of 1957. U. s. Dept. Agr. Info. Bul. 208. 1959. 
zj U. S. Department of Agriculture.. Agricultural Marketing Service. 
Farm employment, .2P.• cit. 
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Table 3. Annual average of farm employment from CPS and AMS series and 
differences, 1940-57, family and hired workers. 
Year CP~ 
1940 .••...•..••• 9,540 
194,1 . ••••••.•.•• 9,100 
1942 ..•••.....••• 9,250 
1943 . ••.••...••. 9,080 
1944 .•.••.•.•.•. 8,950 
1945 •••.•......• 8,580 
1946 .•••.••.•••• 8,320 
1947 .•••••.. .... 8,266 
1948 •••..•...... 7,973 
1949 •••••••••••• 8,026 
1950 . ..•..•....• 7,507 
1951 . •.•.•.•..•. 7,054 
1952 . ..........• 6,805 
1953 .••. ......•. 6,562 
1954 .•......•... 6,504 
1955 . ••...•....• 6,730 
1956 ...•.••••.•. 6,585 
195 7 • ••.•••••••• 6,222 
(Thousands of persons) 
10,979 
10,669 
12,504 
10,446 
10,219 
10,000 
10,295 
10,382 
10,363 
9,964 
9,926 
9,546 
9,149 
8,864 
8,639 
8,364 
7,820 
.7,577 
Excess of AMS 
over CPS series 
1,439 
1,569 
1,254 
1,366 
1,269 
1,420 
1,975 
2,116 
2,390 
1,938 
2,419 
2,492 
2,344 
2,302 
2,135 
1,634 
1,235 
1,355 
!/Source: U. S. Bureau of the Census. Current population reports: 
labor force. Series P-50, Nos. 72-89. March 1957-
June 1959. k/ Source: U. S. Department of Agriculture. Agricultural Marketing 
Service. Farm employment. U. S. Dept. Agr. Stat. Bu1. 
236. 1958. 
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Table 4. Average employment of hired farm workers by month.s, United 
States, AMS, CPS 1 and HFWF series, 1957. 
HFWFs} 
AMsfll cPs'El Month Adju~t:ed!d Original 
(Thousands of pe:::-sons) 
January ••••••••• 896 1,154 757 827 
February •••••••• 1,040 1,180 768 839 
March . .•.•.••.•. 1,284 1,209 856 935 
Apr i 1 ••.....•... 1,543 1,322 1,085 1,177 
May • •••••• : •••••• 1,985 1, 710 1,394 1,538 
June . ••..•• · ..••• 2,684 2,138 1, 924 2,058 
July . ........... 2,983 2,354 2,189 2,364 
August •••••••••• 2,883 1, 971 2,058 2,219 
September .•••••• 2,805 1, 911 1,872 2,121 
October .••. , •••• 2,237 2,112 1;706 1,944 
November .••••••• 1,450 1, 654 1,405 1,568 
December .••••••• 951 1,533 .1, 073 1,174 
Average .•••••••• 1,895 1,687 1,424 1,564 
!f Source: U. S. Department of Agriculture. Agricultural Narketing 
Service. Fa:::-m employment. U. S. Dept. Agr. Stat. Bul. 
236. 1958. 
£/Source: U. S. Bureau of the Census. Current population reports: 
labor force. Series P-50, Nos. 72-89. Marcih 1957-June 1959. £I Adjusted to include foreign workers. 
Source: Maitland, Seridan T. and Fisher, Dorothy Ann. 
farm working force of 1957. U. S. Dept. Agr. 
208. 1959. 
The hired 
Info. Bul. 
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disadvantages. There are five main differences between the AMS and CPS 
employment estimates. First, the data are compiled in the two series 
by means of different enumerative techniques. The AMS derives farm 
employment estimates from selected representative farmers who report on 
their own particular farm. This method of data collection is referred 
to as the "establishment" method, since the information is obtained 
about all workers on the establishment. On the other hand, the CPS 
series is derived from Bureau of Census data which are collected from 
households. The "household" method obtains information only on actual 
members of the household. Consequently, a worker employed on more than 
one farm during the survey period may be counted more than once under 
the establishment method, but only once under the household method. 
Double counting under the establishment method has been estimated to be 
at a minimum of a quarter of a million persons, and may be considerably 
larger seasonally.§/ 
A second source of difference between the two series is in the 
counting method in relation to age limits. The AMS series sets no age 
limit while the CPS enumeration includes only persons 14 years of age 
and over. When unpaid members of the family who work 15 hours or more 
a week are included, the number of children under_\4 years of age is 
estimated by the USDA to be as high as a million.2/ A private estimate 
by Johnson placed the maximum at 2 million during peak periods.lQ/ 
A third difference arises 6ver multiple job holdiug. The require-
ments for a worl~er to be included in the AMS enumeration are minimal for 
the survey week: 1 or more hours of farm work for a hired worker, any 
work at all for an operator, and 15 or more hours for unpaid family 
workers. However, to be included in the CPS enumeration, the worker 
not only must be 14 years of age or over, but also must have earned a 
m<:~.J.Q.r shy~ of his income in agri.culture. Persons with multiple jobs 
who actually do some farm work, but who are not included in the CPS 
enumeration number from one-half to 1 million seasonally.11/ 
A further difference between the two series may arise because the 
CPS includes categories of workers on farms who engage in nonfarm 
occupations such as bookkeepers, typists and persons engaged in some 
U. s. Department of Agriculture. Major statistical series of the 
U. S. Department of Agriculture, ho·w they are constructed and used. 
Vol. 7. U. S. Dept. Agr., Agr. Handbook 113. 1957. 
~· Johnson, D. Gale and Nottenburg, M. C. A critical analysis of fann 
employment estimates. Jour. Amer. Stat. Assn. 46:191-205. 1951. 
U. S. Department of Agriculture. l~jor statistical series of the 
U. S. Department of Agriculture. Vol. 71 £2• £!!· 
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processing activities.l1/ It also inclu~es some unemployed farm.operators. 
A di~ference between the two series also JII$Y occur .because of different 
dates of the surveys. Wh'ile the dates of the surveys of the CPS relatE( 
to the week ending nearest the 15th of the month, AMS ·estimates relate·.· 
to ·the last full calendar week of the month.: 
Besides these five differences between the two major. series, ·other 
· factors are important in the selection of a series to uae in the analysis. 
:The estimates of the CPS series are derived from a statistically· selected 
sample, so that standard errors of the estimates can be computed. Standard 
errors of the estimates are not obtainable from the AMS series. A further 
and important consideration is the length of time covered by the two series. 
The JL~S estimates cover the period 1910 to the present, include separate 
series for hired and family labor, end include regional as well as national 
estimates. The CPS series, inaugurated in 19401 presents estimates of 
hired and family labor on a national basis only. · 
The-:hired.farm ~ork force (HFWF) 
, ....... 
. ; ~' ~. .. . ~ 
. ·:.·· 'n\eLHFWF series is relatively new, being started in 1945 for the . ',. 
purpose· of providing more detailed information on work done by hired· ·· 
workers. tt was derived from i'nformation obtained by the Agricultural· 
Marketing •Service from the Bureau of the Census through supplement~ry 
questions included in one of the regular Current Population Surveys. 
Employment data for the year are collected at the. beginning of the 
following year, .and questions are asked about any farm worlt done over :!: 
the past year. Consequently, the HFWF estimates are subject to memoty : 
"''·• 
bias, and provide a relatively low estimate of employment in the earlier 
months of the year. Since the enumeration covers work for the whole . 
month rather than for a survey week and is d~rived from the same sample 
as the CPS, the HFWF employment estimates are expected to be larger than 
the lllontbly CPS estimates. The.HFWF series is not available by regions. 
The series. of man-hour requirements (FERD) 
Another farm employment estimate not directly comparable to the 
three ~reviously discussed sets of estimates, is the FEF~ series of man-
hour requirements. The purpose of the aeries is to estinwte the number 
JJI An estimate of the numer of nonfarm ~orkers included in the CPS 
series .::tay be obtained by subtracting the number of persons em?loyed 
in.agricultural occupations (farm operators and farm 'laborers) from 
the tot.al number of per;1ons employed in agriculture. For 1957, an 
. atmual average of 198,000 persons 't-Je-re estimated to be e:1gaged in 
these nonfarm s.ctiviti.es. (See: Maitland and Fisher, .QJ?.• ;ill.) 
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of man-hours required for annual farm output, rather than man-hours 
actually expended. Compiled by the Agricultural Research Service of 
the USDA, these estimates are "built up" by multiplying estimated aver-
age man-hours per acre of crops and per head or unit of livestock pro-
duction by the official estimates of total acres and number of livestock. 
reported by the Crop Reporting Board of the USDA.JJ/ A limitation of 
this series is that errors in the magnitude of the estimates of man-hours 
per acre or per head of livestock are greatly enlarged when these initial 
estimates of requirements are mulitplied by the total number of acres 
and animals. Too, a test of statistical reliability cannot be applied 
to them. The series inclu4es. both national and regional estimates, 
and covers the period 1910 to the present. 
Data on Employment and Other Variables Used 
Each of the employment series has been derived for a particular 
purpose. Each estimate, because of its particular advantages and dis-
advantages, is unique and suitable only for specific analyses. The AMS 
series has been utilized more than the other series for labor analyses. 
It also is used in this study for the following reasons: (1) the series 
covers a relatively long period, from 1910 to the present; (2) the 
series encompasses both the hired and family components of farm labor; 
(3) since no age limits are imposed in the enumeration and all farm 
work is included, the series currently is a better measure of marginal 
changes in the farm labor force than is the CPS series.16/. The FERD 
series is used for one set of long-run predictions since it best reflects 
changes in labor productivity.jj/ 
U. S. Department of Agriculture. Major statistical series of the 
U. S. Department of Agriculture, how they are constructed and used. 
Vol. 2. U. S. Dept. Agr., Agr. Handbook 118. 1957 
Hathaway, Dale. Agriculture in an unstable economy revisited. 
Jour. Farm Econ. 41:496. 1959. 
The effectiveness of the AMS series would ba·greatly enhanced 
through measures of job duration. Since the AMS estimates are 
basically estimates of the number of jobs, detail on job duration 
would lead to a more reliable estimation of work actually done. 
As an indicator of work quantity done, the CPS series may be more 
reliable. The reliability of this series has increased since 1956 
when the size of the sample was greatly enlarged. 1Too, measures of 
multiple job hold:l.ngs have been developed. For future labor re-
search, the CPS will be the more reliable series as the time period 
covered increases. The HFWF series is useful for comparisons of 
time worked by hired laborers. The value of the series will grow 
as the time 'peri ci'· celvered iilcreases' especially if ;a reliable 
method is developed to compensate for memory bias. The FERD series 
is admirable in purpose: to measure the basic demand for labor 
(continued) 
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Labor estimates provide -only p~rt of the data needed for predict-
ing labor demand •. Other s_ets of data used are the price of farm labor, 
the prices of other inputs such as farm machinery, the price of products 
produced by farm labor, and the value of farm machinery. The sources 
of these data are contained in the appendix. 
The Models of Farm Labor Demand and Supply 
Particular models used as a basis for estimation are specified in 
this section. The :models provide a statement of the economic hypotheses 
underlying the predictions and make explicit the assumptions behind the 
investigation and its empirical approach~ The model for demand and 
supply of hired and family labor has the following general form: 
(1) Y •a +a X +a X +a X +a X +a X +a X 
1 10 11 1 12 2 13 3 14 4 15 5 16 6 
(2) 
where the variables are: 
yl • the annual quantity of labor employed on farm!, with vl 
designating the quantity of hired labor, and Y1 the quantity 
of family labor. 
Y2 • the annual quantity of labor supplied by households, with Y2 
A 
designating the quantity of hired labor, and Y2 the quantity 
of family labor. 
x1 = the index of the annual farm wage-rate as an aggregate for the 
United States. The data were deflated principally by the 
index of prices paid by farmers for living expenses, not 
including wages, and the index of prices paid by farmers for 
production expenses. The wage-rate was included because it 
is the price of hired labor and perhaps is the "going" price 
of family labor. 
x2 = the index of annual prices received by farmers for all com-
modities as an average for the United States, deflated by the 
index of prices paid by farmers for production expenses and 
(footnote 15 continued) 
-inputs in agriculture. The long•run trend of man~hour requirements 
follows the trends in the AMS and CPS series. Use is made of the 
FERD series in long~run prediction in this study because year-to-
year changes in man-hour requirements of labor should indicate 
changes in farm labor productivity. 
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the index of farm machinery pric.es. The series thus deflated 
is the ratio of product price to factor costs and is lagged 
by 1 year in all equations. 
X3 = the annual aggregate index of farm machinery prices for the 
United States, deflated as for x1• This variable is included 
to allow expression of the substitution relationships of farm 
machinery for farm labor. (Empirical labor demand functions 
which included the price of farm machinery had regression 
coefficients which were inconsistent in sign and nonsignifi-
cant. Hence, equations for labor demand containing the price 
of farm machinery as a variable are accorded a separate 
analysis later in the study.) 
x4 = the index of the value of farm machinery on hand Jan. l for 
the United States, deflated by prices paid by farmers, to 
indicate the stock of resources which substitute for labor. 
The series was compiled commencing with a deflated value of 
farm machinery on farms from the 1930 census. For succeeding 
years, the deflated increments to (or depreciation of) the 
nation's stock of machinery and equipment ware added (or 
subtracted) from the prior year's total. 
x5 = ttme as a variable. Time in linear form is used to repre-
sent technological and other changes which have occurred, 
but are not readily quantified as separate and explicit 
variables. 
x6 = a nonfarm wage-rate variable. This variable is a "composite" 
of the annual index of hourly factory wages altered to re-
flect the percentage of unemplo}~ent in the total work force. 
It was assumed arbitrarily that when unemployment of the 
total work force reached 20 percent, no further off-farm 
opportunities would exist. Consequently, with unemployment 
equal to or greater than this level, changes in nonfarm 
wage-rates are expected to have no effect in causing net 
migration from agriculture. To reflect conditions where 
nonfarm wage-rates would not cause migration when unemploy-
ment is 20 percent or greater, this variable was constructed: 
A(l - SU) 
where A is the hourly earnings of factory workers and U is 
the percent of unemployment. When the unemployment rate 
reaches 20 percent or more, this variable becomes zero; 
when the unemployment rate is zero, the variable reaches 
the average level of earnings by factory workers. 
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Variations of the geperal model wer.e made for these purposes: 
(1) to exa:n~ne t:he effect of-the: inclusion or nonincluslon.of variables 
assumed to. have a pro·nounced effect·. on the use of farm labor; (2) to 
compare variables deflated by different deflators; (3) to u~~ different 
time periods (1910-57, 1920-39, 1929-57, 1940-57) for estimation; (4) 
to compare equations containing observations entered in linear and in 
logarithmic form; (5) to compare estimation technique}J such as .~~:~~ogle 
equations {some taken with a distributed lag}, simultaneous-equ,tion 
estimation by the reduced-form and the Theil-Bascann met.1ods,·-·and auto.:. 
regressive least-squares methods; and (6) to include the quantity of 
farm labor, lagged one period.(Yit-l), as an additional independ~nt 
variable (i.e., as a predictor of Yi). The results of the empir:J,cal 
analysis are presented in a later section. 
Further variations in notatiou from that listed under equations .1 
and.2 will be defined in the appropriate section. Use is made of an 
additional variable designation, x7, x8, ••• , . x1, to indicate that the 
variable differs from thoae defined under equations 1 and 2. To in-
dicate variables representing regional data, an asterisk is added.to 
the variable notation, along with indbTidual regional. identification. 
EMPIRICAL PROCEDURES 
This section presents the general statistical considerations on 
which the analysis of farm labor is based. These considerations in• 
clude: (l) a presentation of the least-squares method; (2) a dis- · 
cuss ion of ·single and simultaneous equations; (3) an autoregressive · · 
least-squares technique; and (4) a note on a method of estimation' of 
simultaneous systems containing autocorrelated errors. 
Single- and Simultaneous-Equation Estimates 
The empirical demand and supply functions presented later in this ·. 
study were estimated by least-squares methods. The least-squares m~thod 
has been useti primarily to solve single ~quations. Recent work in the-. 
estimation of the paraoeters of econooic relationships has .. streeE;cd 
adapting statistical methods to the type of data and objectives of 
economic research. Recognition of the e:lmultaneous nature' of·the 
generation of econcm~.c data has led to the d'ave1opment of' techniques 
consistent with this interdependent characteric.tic' of the economic 
system.W The set of equations specified in the general model used 
j§} Tintnet~ Gerhard. Econom~trics. John Wiley and Sons, Inc., New 
York, N. Y. 1952. 
22 
in this study may be solved singly or simultan.eously. Several variations 
of the least-squares method have been used in this study. However, solved 
singly,; the least squares method applies; solved simultaneously, other 
techniques are needed. 
Equations 1 and 2 may be solved singly. Solved simultaneously and 
taken with a distributed lag, these equations in theoretical form would 
appear as the following: 
·-
(3) (D) gll zl + sl2z2 \3z3 + 
~ 
611w1 + 512w2 + + ;::.14z4 • 6 1 ·,.: 
(4) (S) 621w1 + 52.2w2 + § z +$ z +f z +§ z =e 21 1 22 2 23 3 24 4 2 
where w1 is the quantity of farm labor, w2 is the average farm wage-rate, 
z1 is the quantity of farm labor lagged 1 year, z2 is time as a linear 
variable, z3 is the index of prices received, z4 is the composite non-
farm wage-rate variable, and the e 1 are the disturbances in the re-
spective equations. The wi and zi correspond to the Xi and Yi of 
equations 1 and 2. The wi are determined within the systems of equations 
and are called endogenous variables. The z1 are exogenous variables 
which are either determined from outside tb.e system or are endogenous 
variables lagged one or more periods. In the system of equations above, 
both equations would be "just identified" if the number of exogenous 
variables excluded from each were one less than the number of endogenous 
variables included in the equation. If the number of exogenous variables 
excluded from the equation in question were larger than one less than 
than the number of endogenous variables in the equation, the system 
would, in conventional terminology, be over:!.deutified. The over-
identified case is usual in simultaneous-equation estimation. 
To estimate the regression coefficients in a system of equations 
in the overidentified case, the method of limited information was 
developed. More res~ntly, an alternative estimating procedure was 
presented by Theil211 and Basmann.~ It provides ease of computation, 
Theil, Henri. Estimation and simultaneous correlation in complete 
equation systems. Central Plan Bureau, The Hague, Netherlands. 
Mimeo. report. June 2.3, 1953. (Original not available for examina· 
tion; cited in Wallace, T. D. and Judge, G. G. Discussion of the 
Theil·Basmann method for estimating equations in a simultaneous 
system. Oklahoma State University. Processed series P-301. Aug. 
1958.) 
Basmann, R. L. A generalized classical method of linear estimation 
of coefficients in a structural equation. Econometrica 25:77-83. 
1957. 
utilizes least~squares me.thods, and permits rapid ea~,imation of the 
standard errors of the coefficients. 
Forms of Distributed Lag Models 
23 
Numerous distributed lag models are utilized in the empirical 
analysis which follows. Renee, the foundation of· this appr·oach ~is 
examined in this sectio~. The qusntity of farm labor demanded as a 
function of the price of farm labor taken with a distributed lag; means 
that the full effect of a change in the price of farm labor on the de· 
mand for farm labor is realized only after a period of time has elapsed. 
Factor demand and supply equations taken with a distributed lag may 
differ considerably in form. In the static case, an equation such as 
the following is presented~ 
(5) " " "" w = a+ bp 
where C i~ the quantity of labor demanded (or supplied) and ~ is the 
price of w. If, in the noostatic case, the variables are dated and'w 
(now indicated as wt) is assumed to depend on current and all past 
prices, equation 5 becomes 
(6) 
Equation 6 states that wt is determined by its price taken with a dis-
tributed lag. 
A specific form of the distribution of the lag may be assumed, 
allowing esttmation of the characteristics of the distribution. Koyckl2/ 
assumed that hindrances causing lags will be overcome gradually so that 
changes resulting from price 9r other variable will decline with time. 
After some period i=k, the coefficients bi (i = 0, 1, ••• )can be 
approximated by a convergent geometric series: 
(7) b = ).b 
k+m k+m-1 
where m > 0 and 0 < X < 1. Hence, the coefficients are assumed to 
decrease~y a consistent proportion over time. 
~i/ Koyck, L. M. Distributed lags and investment analysis. North 
Holland Publishing Company, Amsterdam, Netherlands. 1954. 
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·' 
Substituting equation 7 into equation 6 for.the case where k = o, 
the equation becomes: 
Ig equation 8 is lagged by 1 year and both sides of the equation are 
multiplied by A, the resulting equation is 
(9) 
By subtracting equation 9 from equation 8, the following equation is 
derived: 
(10) w = a(l • X) + Xw · + b p 
t t-1 0 lt 
such that the determination of wt is dependent only on wt lagged 1 
year and the current value of plt" This' met~od of reduction may be 
extended to include more than bne explanatory variable under the 
assumption that the lags are the same for each variable. The dis-
tribution of the lags is given by A and the short-run elasticity is: 
-
Esr = bo • e1. The cumulative effect of a maintained price change is: r 
(11) -~ b bo • t: xm = 0 
m=O 1 - A 
Hence, the long-run elasticity is 
(12) E lr 
bo 
=--1 - X 
p 
:J. 
w 
Nerlove,l2/ using another set of assumptions concerning the cause 
of the lag in adjustment, arrives at results similar to Koyck. He 
assumes both a long-run demand or supply equation and an adjustment 
equation. The long-run equation is of the form: 
* (13) w =a0 +az t 1 lt 
* 
where wt is the long-run or equilibrium level of the quantity demanded 
Z2/ Nerlove, Marc. The dynamics of supply: estimation of farmers 
response to price. The Johns Hopkins Press, Baltimore, Maryland. 
1958. 
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or supplied and z1 is the price of wt. Nerlov:_ propooes t!h:._ ut~lization 
of the current quantity demanded or supplied, wt' .. ".~o change itl_ pro-
portion to the difference between the long-run equilibrium quantity and 
the current quantity."ll/ This adjustment in equation form is: 
* 
(14) wt - wt-1 = t {wt wt-1)' 0 s t"< 1 ' 
where y , a constant of proportionality called the coefficient of 
adjustment, indicates the relative speed of adjustment. Substituting 
equation 13 into equation 14, the ~esultant equation is: 
(15) w = ~·a + (1 - (( )wt-1 + ,. a z t . 0 v 1 t 
which is inessentia1ly the same form as equation 10. 
Autoregressive Least-Squares Techniques 
Distributed lag equations may be solved either singly or simul-
taneously. However, difficulties of estimation arise using either 
method. If error terms (vt) are added to equations 8 and 9, the 
difference formed between the tw,o equations becomes: 
(16) w = a(l - y) + -yw + b p + v - v 
t t-1 0 lt t t-1 
where~e error terms vt - vt-l are treated as a composite disturbance. 
Koyck22 suggested that the usual least-squares analysis of equation 16 
will lead to biased estimates of « and y, the true parameters, ~ince 
vt-V part of the composite disturbar:.ce.J is not independent of wt-l• 
The composite error term has an ay.~omatic serial correlation even if 
the vt are serially independent.l:Y The error term in period t is 
11/ Nerlove, Marc. Distributed lags and the eetimation of long-run 
supply and demand elasticities: theoretical considerations. Jour. 
Farm Econ. 40:301-311. 1958. p. 308. 
W Koyck, ££• cit. 
Ii/ Klein, L. R. Estimation of distributed lags. Econometrica 
26:553-565. 1958. 
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correlated with that of period t-1 because both error terms contain a 
mutual term, vt-l' i.e., (vt - vt-l) and (vt-l - vt_2). 
Tests for residual correlation of distributed_~~g equations have 
frequently been made using the Durbin-Watson test.~ However, Fuller 
and Martin12/ demonstrated that the Durbin-Watson statistic computed 
from the residuals of such equations is of very "low power •11 lt is 
likely that the lagged dependent variable extracto some of the auto-
correlation from the residuals) which may bias the coefficients and 
nullify the use of the Durbin-Watson statistic. 
Koyckl2fproposed the model in equation 17 to obtain consistent 
estimators in distributed lag equat:i.ons, wherein the error term, ut, 
is assumed to generate from an autoregressive scheme. 
The assumptions are that et has a zero mean and a constant variance, 
et is not correlated with ut_ 1, and there is no autocorrelation among 
the e's. Further, he assumes specific values of e. Estimation by this 
technique is referred to in this study as autoregressive least-squares 
or ALS. 
In an equation such as in 18 below, assuming that a first-order 
autoregressive sche~e applies, the cases in which a variable b' is a 
consistent estimator of the real b has been outlined by Fuller.~ He 
shows that, given Koyck's basic equation 
combined with the autoregressive scheme of equation 17 leads to 
(19) u = e (w - ap - bw ) + e • 
t t-1 t-1 t-2 t 
Durbin, J, and Watson, G. s. Testing for serial correlation in 
. least-squares regression; !I. Biometrika 38:159-178. 1951. 
F~q~r, W. A. and ~1art:tn, J. E. The effects of autocorrelated 
~rors on the statistical estimatio~ of distributed lag models. 
Jour·. Farm Econ •.. 43: 71·~32. 1961,; .. . , .. , 
Koyck, · .2.1!• .£!!., p. 34. .. 
~uller,·Wayne. A non-static model of the beef and pork economy. 
Unpublished Ph.D. thesis. Iowa State University Library, Ames, 
Iowa. 1959. 
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Under these assumptions/ b 1 is a consistent estimator of b only when 
$ = 0. These results indicate that a more accurate estimate of b can 
be obtained, if the value of (3 were known. (Since there is usually 
autocorrelation among economic time series, it is likely that estimates 
of b have an upward bias 1 depending on the value of ~.) Methods for 
estimating S have been presented by Klein· and Orcutt and Cochrane.i§/ 
A simplified method k9.li estimating (3 by an ite.rative process has been 
developed by Fuller • .6.2/ Basically, the method is as follows, using the 
notation of equations 18 and 19. By substituting 19 into 18, the 
following equation is formed: 
A regression on these variables provides initial values for estimates 
of a, b, and a. By a method of nonlinear regression,W a function 
containing the estimates of the coefficients is expanded in a first-
order Taylor expansion about the point defined by the initial values 
above. The sums of squares and cross products from the Taylor expansion 
become linear combinations of those in equation 21. Retaining only the 
first-order terms, the results of the Taylor expansion yield: 
(22) 
" where w0 = wt - wt, the residuals in equation 21, 
£§/ Klein, ££· cit.; and Cochran, D. and Orcutt; G. H. Application of 
least squares regresaion to relationships containing autocorrelated 
error terms. Jour. Amer. Stat. Assn. 44:36-61. 1949. · ' 
12/ Fuller, Wayne. The effect of autocorrelated errors and th~ 
statistical estimation of distributed lag models. Jour. Farm 
Econ. Vol. 43. Feb. 1961. 
JQ/ Levenberg, Kenneth. A method for the solution of certain non-
linear problems in least squares. Quart. Applied Math. 2:114-168~ 
1944. 
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A . " '' where, a, b, ·and B are the initial estimates of the coefficients, and 
A \ '' ~a, ~b, and ~8 represent changes in the estimates for each iteration. 
The least-squares method applied to equation 22 produces further changes 
in the estimates, and the iterative procedure continues until the change 
becomes sufficiently_~~all. The final values are consistent estimates 
of the coefficients.lJJ 
While the data in this study are presumed to be measured without 
error, the results may be invalidated to some extent since errors of 
observation usually are present in time series data. A method of 
dealing with this problem is presented by Tintner,11/ and an example 
involving labor has been analyzed by Mosback.JJ/ 
Equations taken with a distributed lag, as well as the more common 
form of equations, have been used in this study. For the national 
demand and supply functions for hired labor, distributed lag equations 
were used. Both conventional and autoregressive least-squares equations 
were estimated for national data. Since the regional data were less 
reliable, only conventional least-squares mehtods were employed for 
them, 
EMPIRICAL ESTIMATES OF THE NATIONAL DEMAND 
FUNCTIONS FOR HIRED LABOR 
The results of the estimation of the empirical demand and supply 
functions for farm labor are presented in the following sections. Among 
the labor demand functions estimated, results are better for hired labor 
than for family labor,3lt/ In contrast to family labor, hired labor has 
Fuller, Wayne. Autocorrelated errors and the esUmation of distri-
buted lag models, 2£· £!!. 
Tintner, £E• £11. 
Mosback, Ernest J. Fitting a static supply and demand function for 
labor. Unpublished Ph.D. thesis. Iowa State University Library, 
Ames, Iowa. 1957. 
For other empirical studies of the demand for hired farm labor, see: 
Griliches, Zvi. The demand for inputs in agriculture and a derived 
(continued) 
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an explicit wage or price which is reported nationally and regionally. 
This section presents the empirical results testing the hypothesis 
that the demand for hired labor is a function of its own price (the 
farm wage-rate); the prices of other inputs such as farm machinery, 
the scale of farming as exemplified by the value of farm machinery, 
and the return on or price of products sold. The price of inputs such 
as the seties of aggregate farm machinery prices, was originally included 
in the model as illustrated in equations 1 and 2. However, farm 
machinery price resulted in inconsistent results when this variable was 
included with other explanatory variables. Because of the importance 
of this variable to the demand for hired labor, it is accorded a separate 
analysis lfater in the study. The results for the remaining individual 
variables are presented in this section. 
Initially, an analysis of the results from the different techniques 
employed to estimate labor demand functions will be presented. Analysis 
of the regression coefficients and elasticities of the demand for hired 
labor follows. The estimated demand funct:f.ons for hired labor are 
presented in tables 5 and 6. Two of these demand functions, 25 and 34 
of table 5, are plotted against the actual data in figs. 7 and 8. 
Results of Different Techniques to Estimate 
the Demand Functions for Hired Labor in the United States 
In estimating the demand functions for hired labor for the United 
States, variations of the basic model of equations l,and 2 and different 
techniques were employed. So that attention can be focused on the 
characteristics of the important variables, the different results under 
these several techniques or variations will be analyzed. The demand 
functions in tables 5 and 6 have been estimated using a variety of 
algebraic forms and estimating methods. The statistics in table 5 are 
(footnote 34 continued) 
supply elasticity. Jour. Farm Econ. 41:309-322. 1959; and Schuh, 
George E. The demand and supply relations for hired labor in 
agriculture. Paper presented at the Joint Meetings Of the Econo-
metric Society and the American Farm Economic Association, Washington, 
D. c., December 28-30, 1959. (Mimeo.) Department of Agricultural 
Economics, Purdue University, Lafayette., Indiana. 1959. Griliches 
specified a distributed lag model representing the demand for hired 
labor for the period 1912-561 containing one independent variable, 
the farm wage~rate. Schuh estimated demand functions for hired 
labor over the period 1929-57 simultaneously with hired-labor 
supply functions. Schuh's time period and model specification are 
similar to equation 30 of table 5 (to be presented further in this 
study). The demand functions in this study, other than the ALS 
equations, were estimated simultaneously with Schuh's work and 
without knowledge of it. 
30 
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Fig. 7. Actual and predicted number of hired farm workers in the 
United States, 1910-57 (demand function 25 of table 5). 
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Fig. 8. Actual and predicted number of hired farm workers in the 
United States, 1940-57 (demand function 34 of table 5). 
31 
32 
Table 5. Regression coefficients and standard errors for United States hired-labor 
demand functions. 
Equation Form and Regression coefficients~/ R2 
number method Constant xlt x2t x4t x5t ylt-1 
12..10-5 7 :eeriod 
23 ••••• Linear,E../ 40.74 -.on£! -.297 . 777 .983 
least (. 045) (.141) (.082) 
squares 
24 .•••• Linear,'sl../ 15.23 -.091 .931 .981 
least (. 044) ( .047) 
squares 
25 .•.. . Linear,'E./ 27.89 -.098£1 .054£1 -.179~ .826 .983 
least (. 055) (.033) ( .119) (.073) 
squares 
26 . •... Linear,E../ 12.86 -.122 .079 .907 .982 
least (. 053) (.029) (. 054) 
squares 
2 7 ••••• Log,'sl../least .35 -.095 .057 -.o21!Y .871 .984 
squares (. 034) (.022) (.017) (.054) 
28 ••••• Linear,E../ 23.86 -.04~ .o48Y -.240 .851 .982 
least (. 058) (. 06lJ.) ( .114} (.073) 
squares 
1920-39 :eeriod 
29 ••••• Linear ,E../ 68.40 - .os4!1 .248 -.686 .478£1 .935 
least (.187) (.111) (.262) (.271) 
squares 
30 ••••• Linear,W 52.47 
1929-57 :eeriod 
-.16sY .o99Y -.335 .658 
reduced (.108) (. 069) (.119) (.041) 
form 
31 . .... Linear,E../ 116.32 -.341 .243 -. 687!J .2o6!d .9aa 
Theil- (.122) ( .112) ( .523) (.195) 
Basmann 
32 . .... Linear,E.I 94.49 -.287 . 21+5 .00207 -1.64 .237d .980 
Theil- (.091) (. 081.) (.00085) (.674) (.265) 
Basmann 
32-o 
1940-5 7 Eeriod 
33 ...... Linear,EJ 122.03 -.458 .119 -.311 .236El .980 
least (. 091) ( .040) (.244) (1.59) ·~ 
squares 
34 ••••• Linear,EJ 98.22 -.232 - .120!:/ .53c# .936 
least (.081) (. ·325) (. 491) 
squares 
35 .•••• Linear,EJ 153.23 -. 475 .127 -.492£/ • 979 
least (.178) (.031) ( .504) 
squares, not 
distributed lag 
!/ The regression coefficients are deflated by the variables listed in table 6. The 
variables, in index form, corresponding to the general model of equation 1 are: 
x1t: the average hired farm wage-rate for the United States. 
X2t: the index of average prices received by farmers for all commodities for 
the United Sta~es. 
x4t: the average value of farm machinery and equipment for the United States. 
x5t: time as a linear variable. 
Ylt-1: the number of hired workers lagged 1 year for the United States. 
Q/ Linear refers to original observations introduced in models in linear form; log 
refers to observation in logarithmic form; reduced form and Theil-Basmann method 
refers to the techniques used to solve simultaneous equations. Equations 23, 24, 
31 and 32 were estimated using autoregressive least-squares methods. 
£I The number in parentheses is the standard error of the regression coefficient 
above it. No superscript of the regression coefficient indicates significance 
at the 5-percent level. The superscript c denotes that the regression coefficient 
is statistically significant at the 10-percent level. 
£I The regression coefficient is significant at the 20- to 40~percent level •. if The regression coefficient is significant only beyond the 40-percent level. 
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the results of the estimated equations while table 6 presents the 
elasticities of hired labor with respect to the variables indicated. 
The deflators of the farm wage-rate and prices received variables are 
listed in table 6. tVherever a space is blank, the corresponding 
variable was omitted from the model. These demand functions also re-
fer to different time periods as shown. The forms and estimating 
methods include: (1) linear observations in all equations other than 
for equations 5, which is in logarithms; (2) least-squares methodtfor 
equations 23 to 29 and 33 to 35, inclusive, end simultaneous-equation 
· estimation by reduced forms for equation 30 and by the Theil-Basmann 
technique in equations 31 and 32; (3) autoregressive least-squares 
were employed for equations 23, 24, 31 and 32; (4) the variables of 
equations 25 and 28 were deflated by different deflators. All equa-
tions in table 5, other than 35, include a distributed lag. 
tnclusion of additional independent variables 
The price of hired labor, the farm wage-rate, was the principal 
explanatory variable in each equation. Inclusion of other variables 
in the specification of the model caused the values of the coefficients 
of the original variables to be altered substantially. The inclusion 
of time as a variable in the specification of the model caused the 
largest change in the value of the other coefficients. Equations 23 
through 26 were estimated to allow comparisons with or without time and 
with or without prices received. The more apparent result of the in-
clusion of time as a variable is the effect on the size of the lagged 
dependent variable. The coefficients of the dependent variable lagged 
l year in equation 24 and 26, not containing time, are relatively high 
as compared to equations 23 and 25. The coefficients allow estimates 
of the adjustment coefficient and long-run elasticities of demand for 
hired labor. The estimated long-run elasticities of labor quantity 
in respect to farm wage-rate are high for equations 24 and 26 respec-
tively, being -2.39 and -1.75 for 1957 in table 6. The long-run 
elasticities of equations 23 and 25 were considerably less than one. 
Hence, the time variable materially reduces the estimate of the long-
run elasticity of demand quantity in respect to the price of hired labor. 
The effect of adding the index of the value of farm machinery and 
equipment is demonstrated by equations 31 and 32 both estimated by ALS. 
The specification of both equations is identical except for the farm 
machinery variable in equation 32. The value of the regression 
coefficient for the time variable changed from -.687 to a significant 
-1.635 between equations 31 and 32 respectively. The value of the 
farm machinery variable, x4, is also significant at the 10-percent 
level of probability, Otherwise, the values of other regression 
coefficients were not substantially changed. 
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The effect of different deflators and form of egua~ 
The effect of different deflators upon demand estimates is 
illustrated in the first six equations covering the period 1910-57. 
Only the long-run elasticities of hired-labor demand were substantially 
changed by the use of different deflators. However, the regression 
coefficient for the farm wage-rate was not statistically significant 
in equation 28 where the deflator was the index of prices paid for all 
production items. 
Observations for the time variable were converted to logarithmic 
values, along with other variables, in equation 27. Since the time 
variable is significant in equation 27 at an extremely low level as 
compared to the other equations, we suppose the power function to be 
less appropriate than equations linear in form of observations. Aside 
from the time variable, there was little difference between coefficients 
of comparable equations using variables in logarithms or in linear form. 
The effect of the assumption of an autoregressive scheme 
Four hired-labor demand functions taken with a distributed lag 
were estimated initially using autoregressive least-squares (ALS). 
Because of the time and expense involved in performing the necessary 
iterations, not all of the equations could be estimated in this manner. 
The results of the ALS equations are presented in tables 5 and 6 as 
equations 23, 24, 31 and 32. Equations 23 and 24 are analyzed first. 
They cover the period 1919-57, and include the variables hired labor. 
lagged 1 year and the farm wage-rate. In addition, equation 23 con-
tains time as a trend variable. 
Equation 24, the ALS equation which docs not include time as a 
variable, may be compared~~;th the ordinary least-squares equation 
using the same variables.~ 
(36) Y = 11.97 + .9480Y - .0783X • 
lt (.039) lt-1 (.037) lt 
J:J} The regression coefficients are as deflned under equations 1 and 
2. The variable x1t was deflated by the index of prices received 
by fa.!,mers for all commodities, Unit'ed States. The notation of 
the significance levels of the regression coefficients are as 
defined under table 5. 
The original equation (not ALS) corresponding to equation 23 in 
table 6 which included time as a variable was estimated as:~ 
(37) = 29•02 - .8397Y (.0643) lt-l 
- .2252X2 • (.1080) t 
36 
:·. 1 The coefficients of the lagged dependent variables were highly 
significant in equations 36 and 37 as well as in equations 23 and 24. 
For the coefficients of the lagged variable in equations .not including 
time ·as a variable, equation 36 has a coefficient of '~948, while the 
cortesponding ALS equation 24 :f.n table 5 has a coefficien.t. of .• 931. 
For the equations including time, 37 and 23, the coefficients of the 
lagged endogenous variable were .840 and .777, respective-ly.' In both 
comparisons, the value of the lagged endogenous variable in the ALS 
equation was slightly less than in the ordinary least-squares equations. 
Concurrently, in the ALS equations, the coeffic_ient.s of the farm wage-
rate and time increased relative to their respective original non-ALS 
equations. The residual sums of squares in the ALS equations were 
reduced in both cases, from 461.4 to 441.9 for the equations cont~ining 
time, and from 507 to 490 for the other two equations. 
In suDDDary, the slight differences between the ALS equations and 
the ordinary least-squares equations wet·e: (l) -the ALS equations re-
duced the residual sum of squares, implying.a better "fit"; (2) the 
regression coefficients of the lagged endogenou,s variables in the ALS 
equations were lower with an accompanying shorter time period of 
adjustment; and (3) in the ALS equations, the regression coefficients 
of the other independent variables increased and became significant at 
lower ·probability levels. The long-run elasticities were less in the 
ALS equations because of the decrease in the value of the lagged 
coefficients. 
The estimate of a, the autoregression coefficient, would be expected 
to decrease when a trend variable is included in the equation. However, 
in the case of equations 23 and 24 of table 5, the results were indeter-
minate. The estimated values of B are the numerical coefficients in 
these two estimated equations.ll/. 
The regression coefficients are as defin~d under equations 1 and 
21 with the notation of the significance levels as defined under 
table 5. The deflator of x1t is the index of prices received by 
farmers for all commodities, and x2t is deflated by the index of 
prices paid by farmers for living expenses, United States. 
See equation 17. The level of significance notation is as defined 
under table 5. 
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c 
\:: 
(38) ut = .2534ut-l (.1385) 
for equation 23, and: 
(39) e ut = .1710u 1 t-( .13~8) 
for equation 24. Neither of the estimates of a were significant at low 
probability levels, although the estimate of 8 in equation 38 was 
signif•icant at the 10-percent level. Since the initial value .of the 
coefficient-of the lagged dependent variable in equation 24 approached 
one, it is possible that the autoregressive structure of the equation 
could not be adequately ascertained. Though the results indicated that 
the B's are small, their statistical significance was such (along with 
the differences of the ALS equations as described above) that the ALS 
equations estimated for 1910-57 were preferred over the non-ALS equations. 
Further comparison of the autoreg~essive assumption is made for 
hired-labor demand functions over the period 1929-57. Equation 30 of 
tables 5 and 6 was estimated by reduced form with no autoregressive 
assumptions. Equations 31 and 32 were estimated by the Theil-Basmann 
technique under the assumption of an autoregressive scheme. In equa-
tion 30, the regression coefficients for the farm wage-rate and prices 
received variables were nonsignificant. Both regression coefficients 
were significant in ALS equations 31 and 32. The adjustment coeffi-
cient in equat:l. on 30 is .34 but • 79 and • 76 respectively for ALS 
equations 31 and 32. Since the lagged endogenous coefficient "picks 
up" part of the residual term1 the autoregressive assumption perhaps 
provides a better estimate of the adjustment coefficient. In this 
sense, equations 31 and 32 may serve most effectively in the analysis 
of demand for hired labor. 
Theestimated autoregressive coefficient, a) of equations 31 and 
321 respectively, is the numerical quantity in these two equations:~ 
(40) 
(41) u = t 
.753ut-l 
(.120) 
e 
.33.9ut-l 
(.326) 
1§/ See footnote 37. 
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The estimate of e for equation 31 was large and significant, while 
the value of S for equation 32 was small though larger than its standard 
error. Evidently, the inclusion of the additional variable in equation 
32 aided in the specification of the model, and reduc~d the value of s. 
We again conclude that the ALS equations are preferable to non"ALS 
equations when distributed lags are used, However, because of the time 
and costs involved in the ALS estimates, the autoregressive scheme was 
not assumed for other equations. 
Analysis of the National Demand Functions for Hired Labor 
Having appraised different techniques for estimation of hired labor 
demand functions in the preceding paragraphs, we now turn to an analysis 
of demand quantity and response relative to major variables. 
Demand relative to farm wage-rate 
The values of the single equation regression coefficient for the 
farm wage-rate estimated over the entire period, 1910-57, were low 
relative to their standard errors: tha estimate in the six equations 
ranging in value from -.046 to -.122. For the linear equations 23, 25 
and 28, including time as a variable, the regression coefficients of 
the farm wage-rate were significant at the 10-percent level in the first 
two and nonsignificant in the third. The 48-year period, however, 
stretches over a span of time when the structure of agriculture and labor 
demand changed greatly. For this reason, equations have been estimated 
for subperiods of this span. For the period 1920-39, the value of the 
wage-rate regression coefficient was -.054 and was not significantly 
different from zero (equation 29 in table 5). This lack of significance 
may not have great importance, however, since the period included was 
one of agricultural recession. In the 1940-57 period, a period of 
relative prosperity in agriculture, single-equation regression coeffi-
cients for the price of farm labor in equations 33, 34 and 35 (table 5) 
ranged from -.232 to -.475 and were significant at a probability level 
of 5 percent or lower. Significant response of demand for labor in 
respect to the price is indicated in this period, Lack of significance 
of the wage-rate regression coefficient for the over-all period, 1910-57, 
then, does not accurately reflect the response of labor demand for inter-
vening periods. The 1910-57 period combines periods both of great 
depression and great prosperity, as well as periods varying greatly in 
the structure of technology. 
This conclusion also tends to be substantiated for estimates over 
a shorter period by means of simultaneous-equation methods for the 
period 1929-57. The "system of equaticns11 demand function for hired 
labor are equations 30, 31 and 32 in table 5. The regression coefficient 
39 
of the farm wage-rate for equation 30 was -.168, but nonsignificant. 
The corresponding regression coefficients for the demand functions 31 
and 32, estimated under the assuwption of autocorrelated errors, were 
-.341 and -.287, respectively. The coefficients were significant at 
the 1-percent level. These results correspond with the findings of the 
demand functions for the shorter period 1940-57; demand for hired labor 
is indicated as responsive to the farm wage-rate. 
The price elasticity of demand denotes in standardized terms the 
responsiveness of the demand for hired farm labor to a change in the 
farm wage-rate. The short··run elasticities taken at the mean of the 
observations and for 1957 are presented in table 6. 
Price elasticities of deman~ 
For equations 23 through 28, estimated over the period 1910-57, 
the short-run price elasticities (labor demand with respect to farm 
wage-rate) at the mean of the observations ranged from -.03 to -.09. 
Basically, the price elasticities for the over-all period were low. 
The short-run price elasticities taken at the mean observation for 
the 1929-57 period ranged from -.13 to -.26. For the 1940-57 period, 
the short-run elasticities at the mean ranged from -.25 to -.48. These 
statistics suggest that the short-run elasticity of labor demand with 
respect to farm wage-rate has been increasing, although it has remained 
considerably smaller than unity. 
Long-run price elasticities of demand also were derived and are 
included in table 6. In a distributed lag equation, the long-run 
elasticity depends on the size of the adjustment coefficient. The 
adjustment coefficients for the six demand functions covering the 
1910-57 period ranged from .OS to .22. Correspondingly, the long-run 
price elasticities (demand quantity relative to wage-rate) at the mean 
ranged from -.17 to -.90 for the six equations. (In comparison, the 
short-run elasticities for the same period ranged from -.03 to -.09.) 
With the assumption that the errors in the equations followed an 
autoregressive scheme, the long-run demand elasticities for equations 
23 and 25 were -.24 and -.33, respectively. The long-run price 
elasticities at the mean observation for the 1929-57 period ranged 
from -.28 to -.36. For the 1940-57 period, they ranged from -.53 
to -.60. These results again suggest a higher level of response of 
labor demand relative to the farm wage-rates with time. 
Demand relative to farm product prices 
The cross-elasticity of demand of the size of the hired labor force 
with respect to the index of prices received indicates the responsiveness 
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of the demand for hired labor to changes in agricultural product prices. 
The series, deflated by an index of prices paid for production expenses, 
relates product prices to factor costs and serves as an indicator of 
the relative profitability of farming. The deflator of the index of 
prices received for each equation is listed in table 6. The index of 
prices received has been lagged l year in all of the hired-labor demand 
functions other than those for the period 1910-57. Farme~s react to 
product price changes in the previous year, since the present year 1 s 
price is known relatively late in the year. 
In general, the regression coefficients relating hired-labor de-
mand to prices received were significant at acceptable levels of proba-
bility for the several time periods analyzed. Similarly, the signs of 
the regression coefficients were positive for all equations and all time 
periods. We conclude that the demand for hired farm labor has been 
responsive to farm product prices at&d the profitability of farming in 
all of the time periods analyzed. 
The cross elasticities of labor demand with respect to farm pro-
duct prices again were considerably higher for the long-run as compared 
to the short-run. This difference is, of course, consistent with the 
original hypothesis that time is required before farmers can change the 
organization of their farms and increase resource inputs in response to 
more favorable product prices. The long-run elasticity is much less 
than untty, however, for all time periods and equations or estimating 
techniques. Elasticities of less than unity for labor or resource 
demand are expected when the production function elasticity is less 
than 1.0. Periods of increasing product prices also have been those 
of increasing wage-rates; the effect of the former on labor demand be-
ing somewhat offset by the latter. Neither the short-run or long-run 
cross elasticities show an upward trend with time period (as in the 
case of elasticities with respect to farm wage-rate). 
Demand in relation to farm machinery inventory 
As explained under model specification, the value of farm machinery 
and equipment in January, was constructed and added to equation 32 of 
table 5 for the period 1929-57. The equation was estimated using the 
ALS method so that, except for the farm machinery variable, equation 
32 was specified the same as equation 31. Theoretically, the variable 
should indicate the response of the demand for hired labor to changes 
in the scale of farming as exemplified by the value of the stock of 
farm machinery and equipment. The resultant coefficient of the farm 
machinery variable is positive and significant at the 5-percent level, 
and has a short•run elasticity at mean observation of .13. As the 
scale of farming (size of farms) bas increased, the number of hired 
workers has increased. This result could bear closer examination on 
a less aggregated ·level. 
:! 
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EMPIRICAL ESTIMATES OF THE REGIONAL DEMAND FOR HIRED LABOR 
In addition to the demand functions for hired labor derived for 
the United States, demand functions for hired labor were estimated for 
each of nine geographic regions. Although the regional data on hired 
labor is highly aggregated, the regional analysis does present the 
response to the important variables on a less aggregated scale than 
the national analysis. We wish to examine differential response in 
labor demand among regions. A discussion of the method used to 
estimate the regional demand functions for hired labor will be presented 
initially. The analysis of the demand functions will follow. 
Methodology Used for the Regional Analysis 
Demand functions derived for hired labor in each of n;l.ne geographic 
regions are presented in table 7. (The regions are presented in map 
form in fig. 5.) Given the hypothesis that the variables affecting the 
regional demand for hired labor are the same as those affecting national 
demand, the specification of the regional equations is essentially the 
same as the national equations. The principal independent variables are 
the farm wage-rate, the parity ratio, time as a trend variable and the 
hired labor force lagged one year. 
All of the regional demand functions for hired labor were estimated 
by single-equation least-squares methods. The time period covered was 
1929-57, except for three of the regions. Estimates for the Mountain, 
Pacific and West North Central regions were made for the more recent 
time periods listed in table 7. For these regions, the regression 
coefficients for the whole period were either ir.conslstent in sign.or 
nonsignificant. · 
All relevant regional data are included in table 7. The coefficient 
of determination, R2, is high for each region. It ranges from .839 in 
the Pacific region to .986 in the West North Central region. Tests for 
serial correlation in the tesiduals \-7ere not made. 
Analysis of the R~sults of the Regional 
Demand Functions for Hired Labor 
The order of presentation for the regional demand functions for 
hired labor is: First, the significance of the farm wage regression 
coefficients will be analyzed. Second, the short- and long-run elas-
itcities will be compared. Third, the parity ratio will be examined 
as it relates to the demand for hired labor. Finally, the time trend 
will be evaluated. 
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The farm wage-rate 
Paralleling the demand functions for the United States, the im-
portant independent variable in the regional functions is the farm wage-
rate. The regression coefficients for the farm wage-rate were signifi-
cant at the 5-pcrcent level or better in five of the nine regions. 
Regression coefficients for the farm wage-rate were consistently nega-
tive in sign. The short-run elasticities of labor quantity in respect 
to wage-rate varied from -.05 in New England to -.51 in the West North 
Central region. Disregarding the elasticities derived from regression 
coefficients at low significance levels, the range was from -.15 to 
-.51. 
The regions in which regression coefficients of the wage-rate 
variable were significant at low levels included New Englend, South 
Atlantic, Mountain and Pacific. The South Atlantic and Pacific regions 
use a large number of seasonal hired workers. These workers commonly 
are paid by piece rates, a type of wage not included in the reported 
farm wage-rate. Hence, the reported regional wage-rates may not have 
been as appropriate in these two regions, as for other regions. 
Long-run elasticities of the price variable also were estimated 
for each region. Excluding estimates for regression coefficients at 
low levels of significance, the long-run elasticities of demand in 
respect to wage ranged from -.67 to -.90. Similar to the long-run 
price elasticities for the national demand functions, the long-run 
price elasticities were less than unity but much larger then the short-
run elasticities. 
The parity ratio variable 
The ratio of the index of prices received by farmers for all 
commodities to the index of prices paid by farmers for production 
expenses, interest, taxes and wages, called the parity ratio, was 
used as the indicator of farming profitability for the regions. The 
parity ratio is not computed by federal sources on a regional basis. 
As a consequence, the index of the. parity ratio for each region was 
computed for a typical state in each region. The ratio could not be 
computed for a state of the New England or Pacific regions because 
data were not available for the desired years. 
The regression coefficients for the parity ratio variable were 
significant at the 5-percent level of probability in four of the 
regions, only beyond the 40-percent level in three, while the data 
were not available in two regions. The regions with regression 
coefficients significant at low probability levels were East North 
Central, South Atlantic and Mountain. For regions with regression 
coefficients significant at the 5-percent level of probability, the 
short-run cross elasticities estimated at the mean observation ranged 
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from .16 to .36. The long-run cross elasticities for these four regions 
ranged in value from .50 to .68. While the cross elasticities for the 
parity ratio variable were less than 1.0 in the long-run, they again 
were much larger than the short-run elasticities. 
The trend variable as an indicator of technologicai.":cha.n,ge 
Time as a variable was included in each of the regional hired laQor 
demand functions as a technology variable and to complete the specifica-
tion. This variable was significant at the probability level of 5-
percent in only one region, the Pacific region. Consequently, the ttme 
variable is not considered to be a reasonable indicator of changes in 
technology by region. 
Family workers do not compr,se a homogeneous group; to qualify as 
a family worker they must: (1) be a member of the operator's family; 
and (2) have done 15 or more hours of farm work during the survey week. 
This group of men, women and children may re3pond diversely to economic 
stimuli. In this section we are testing this response with a simple 
hypothesis. 
The adjustment coefficients, which differentiate the magnitude of 
short-run and long-run elasticities, ranged in value from .17 in the 
East North Central to .72 in the West North Central. The higher the· 
value of the adjustment coefficient, the steeper is the slope of the 
time path of adjustment. The results suggest that the New England, 
Middle Atlantic and East North Central regions have been slower than 
other regions in adjusting to sustained price changes. 
EMPIRICAL ESTIMATES OF DEMAND FUNCTIONS FOR FAMILY LABOR 
An analysis of hired labor is not sufficient for a complete under-
standing of the total farm labor market. Hence, this section presents 
the quantitative a11alysis of the demand for family labor, both nationally 
and regionally. 
The underlying hypothesis, consistent with the demand functions 
previously estimated for hired labor, is: the demand for family labor 
is responsive to (a) the hired farm wage-rate as an indicator of the 
price of family labor, and (b) to the index of prices received by 
farmers for all commodities as an indicator of the relative profitability 
of farming. To complete the specification and as an indicator of farm 
technology, time has been included as a variable, along with the two 
price variables. In the model specification, the question arose as to 
the type of data that could adequately represent the 11 price" of family 
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labor. The net return to ~b~ labor of a farm operator and his family 
is difficult to ascertain.121 Some economists argue that the hired 
farm wage-rate is the indication of the wage ac,cruing .,to family labor .W 
For lack of a better indication of the return to family labor and to 
preserve comparability between hired and family labor estimates, the 
hired farm wage-rate is 1.1sed as the 11 price11 of family labor. 
A demand function for total farm labor also was specified and 
estimated, as a means for comparison with the family labor demand 
functions. The model for total farm employment d:l.f:f.ered slightly from 
the general model in equations l and 2. It contained the following 
variables: the ratio of the fatm wage-rate to the index of prices 
received, time, the index of the value of farm machinery deflated by . 
the index of prices paid for living expenses by farmers_, and the ratio 
of the farm wage-rate to farm machinery prices. The results of this 
equation a~~ presented at the end of tbis section and will be compared 
to results obtained from a similar fa~pily labor demand function. 
National Family Labor Demand Functions 
The family labor demand functions for the United States are in-
cluded in table 8 as equations 51 through 54. The predicted quanti-
ties for two of the family labor demand functions are plotted against 
the actual numbers of family workers in figs. 9 and 10. As indicated 
by these figures, the functions for the more recent period, 1940-57, 
fit the data better than those for the over-all period, 1910-57. 
All regression equations presented are general single-equation 
least-squares estimates and are similar in specification for the 
different time periods. The sole difference between the equation is: 
the farm wage-rate is lagged one year in equations 51 through 53. 
Since the number of family workers changes slowly over time, and be-
cause of estimation problems, the possibility of correlatiou in the 
residuals is an important question for family labor. As an indication 
of ~elation in the residuals, the d statistic for the Durbin-Watson 
tes 1 was computed for each of the four equations. Two of the equations 
showed positive serial correlation, while the other two were indeterminate, 
12/ Ladd, George W. Farm incoma and the supply of agricultural products. 
Jour. Farm Econ. 39:865-880. 1957. 
9&/ See: Douglas, Paul II. The theory of wages. The Macmillan Company, 
New York. 1934; and Fulmer, John L. Measurement of agricultural 
income and counties. National bureau of Economic Research. Studies 
in Income and Wealth 21:343-357. 1957. 
ill Durbin, ~· ill· 
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Table 8. Regression coefficients and el~sticities for the demand i/nctions for 
family labor, United States and nine geographic regions~a 
Elastici-
Equation Time J2} Regression coefficients ties 
R2 number period Regio ~'ht-1 xlt Xzt x4t x5t xlt x2t d' 
51 •••• 1910-57 u.s. -.300 .o4os./ -.629 -.20 .03 .91 sc!./ 
( .06) (.Oft.) (.10) 
52 •••• 1920-39 u.s. -.932 -.168 -.315 -.16 - &11 .81 i 
(.12) E.! (.06) ( .07) 
53 •••• 1940-57 u.s. -.139d .313 -1.22 -.14 .30 .89 sc 
(.11) (.11) (.33) 
54 •••• 1940-57 u.s. -.878 .409 -.302 -.32 .39 .95 i 
(.20) g) (.07) ( .07) 
55 •••• 1940-57 NE .971 •cl67d -- .87 
(.12) (.142A1 
.J1sM - .413E./ 56 •••• 1929-57 MA .908 -.303= -.07 .07 .98 
(.12) .5!1 (.246) (.23) ( .38) 
57 •••• 1929-57 ENC .263d -2.71 1.93 lct.OB -.21 .02 .87 
(.16) (. 71) ~ (.38) (1.9) 
58 •••• 1929-57 WNC -.1s5e -- -12.2 .75 
(.51) sJ 
.426d 
(2 .0) 
59 •••• 1929-57 SA .859 .605e -8.08 .98 
( t 13) (1.5)d (.962) (3.41) 
60 •••• 1929-57 ESC -1.32e -39.1 .94 
~~ :~i:-J (4.4) 61 •••• 1929-57 wsc -35.7 .92 
(1.85w (5 .43) 
62 •••• 1929-57 MTN .974 -.09 .96 
63 •••• 1947-57 PAC 
<.oaw 
.11 e 
(.0651; 
-.oase 
-5.94 .98 
(.28) ( .26) (1.52) 
!/ The regression coefficients are: 
"' ylt-1: the number of family farm workers for the United States ot· by region as 
indicated, lagged 1 year. 
the average hired farm wage-rate for the United States or by region 
indicated, (lagged 1 year in equations 51 to 53). 
the index of prices received by farmers for all commodities, United 
States for the national estimates, and the parity ratio for each region 
as explained under table 7, lagged 1 year. 
The value of the stock of farm machinery and equipment, United States and 
regionally, as indicated. 
Xst time entered in linear form. 
For the national estimates, Xlt' x2t and x4 were deflated by the index of prices 
paid by farmers for production expenses, Untted States; for the regional estimates 
X1t* and X4t* were deflated by the regional index of prices paid by farmers for 
living expenses. 
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pj The identifying letters under the "Region'' heading sta~d for the nine regions 
depicted in fig. 3 and explained under table 7. £1 !he significance levels of the regression coefficients are as indicated in table 
5; no superscript on the coefficients indicates significance at the 5-percent 
level; the superscript c indicates significance at the 10-percent level. 
g/ Significance at the 20- to 40-percent level. 
!/ Significance only beyond the 40-percent level. 
!/ The results of the Durbin-Watson test for serial correlation for the four conven-
tional least-squares equations are indicated by either sc (serial correlation 
likely) or i (indeterminate). 
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Actual numbers: the solid line. 
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::,f,, 
even though time was included as a tre~d v~riable and was significant 
in all of the equations. Other techniques to eliminate ser!al correla-
' tion were not performed because of lack o~ time and finances. 
' ' Family labor demand iti relation to the wage-r~ 
Three of the four coefficients relating family labor employment-to 
the farm wage-rate were significant at a probability level of 5 -percent 
with coefficients ranging :!.n value from -.30 to -.93. There iS•iSome 
theoretical basis for lagging the wage-rate in general least-squares 
equations. However, no advantage is indicated for regression equations 
over the period 1940-57. For this pericd, equation 53 contained the 
wage-rate lagged 1 year, while it was not lagged in equation 54. The 
regression coefficient in equation 54 was larger relative to its 
standard error than that of equation 53. 
The demand for family labor is indicated to ~~ responsive to 
changes in the farm wage-rate. While all were inelastic, the price 
elasticities for the first three fann wage-rate variables were similar 
of magnitude. The elasticity for 54 was somewhat larger. For the over-
all period, 1910-57, given a 10-percent increase.in the farm wage-rate, 
ceteris paribus, the equations indidate an accompanying decrease in the 
demand for family labor ranging froml.4 to 4.1 percent, The regression 
coefficients and elasticities over time appear to have increased some 
with time, 
' '" . Family labor demand in relation to f~rm,prdduct prices 
The response of family labor demand to prices received differed 
cor~1d~rably for the time periods analyzed. For the period, 1910-57, 
the regression coefficient and cross elasticity of demand approached 
zero. The regression was not significant at an acceptable probability 
level. For two intervening periods, the signs of the regression coeffi-
cients were different. The regression coefficient for the prices re-
ceived variable was negative for the 1920-39 period and positive for 
the 1940-57 period. Further, botl'l coeffid.ents were statistically 
significant. For the 1920-39 period, equation 52, a 10-percent increase 
in the index of prices received for all commodities, other thing~ being 
equal, was associated with a decrease of 1.6 percent in the number of 
family workers. There was some increase in the ~umber of family workers 
over the entire period, along with a 10-percent decrease in the index 
of prices received. The depression, with a consequent lack of nonfarm 
opportunities, led to this situation during the 1930's. For the more 
recent period, 1940-57, as the index of prices received rose 10 percent, 
other things being equal, the demand for family workers decreased 3.5 
percent. Since this period ll7as one in which considerable off-farm work 
could be secured, the sign of the elasticity was also consistent. 
Comparison of the demand for total farm labor 
with the demand for family labor 
.. 
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A demand function for total farm employment was specified and 
estimated for the over-all period, 1910-57, for comparison with the 
demand functions for family labor alone. The demand for total farm 
labor is formulated to be a function of the index of the farm wage-
rate deflated by the index of farm machinery prices and lagged one 
year (X8t_ 1), the value of the stock of farm machinery deflated by 
prices paid by farmers lagged one year (X4t_1), time (X5) and the farm 
wage-rate deflated by the index of prices received by farmers· for all. 
commodities (Xzt-l>• The estimated total farm employment demand 
function is:!J1J 
(64) ylt = 156.14 -
- .205X7t-l (.053) 
e 
.Ol3X6t-l (.041) .700X4t-l (.103) 
.142X5 (.039) 
The coefficient of determination for this equation is .95. In order to 
compare the results of the demand for total farm employment with a 
demand function for family labor, a demand equation for family labor 
was similarly estimated for the 1910-57 period. The resulting equation 
is:ill 
(65) = 153.89 - .0821Xd 
{ .065) lt-l 
- .1974X7 ·l ( .084) t 
.4338X - .1716X 
(.162) 4t-l (.062) St 
The regression coefficients are as defined under equations 1 and 
2, with the notation of the significance levels as defined under 
table 5. The variables Xlt' x4t and x7t are lagged one year. The 
variable, x7t, is the average hired farm wage-rate relative to the 
index of prices received by farmers for all comrucdities, United 
States, and the deflators of x1t and x4 t are the indices of farm 
machinery prices, United States, and prices paid by farmers for 
production expenses, United States, respzctively. 
The regression coefficients and notation of significance levels 
are the same as those defined in footnote 42. 
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il' 
.;:.~ '. ''. 
The coefficient of determination'ts .86 for.equation 65. 
An apparent similarity of the two de~and functions, equations 64 
and 65, .suggests that demand functions derived fo~ family labor may be 
interpreted to.apply to all farm labor. While differences do exist 
between the- two equations, the coefficients lead to similar elasticity 
estimate~ •. As the variable of 11 farm wage-rate relative to prices 
receiv.ed11 rose by 10 percent, there were corresponding decreases in the 
total farm working force of 1.6 percent and in the family labor force 
of 1.5 percent. (Both of the corresponding regression coefficients 
were significant at the 5-percent level.) Hence, response in demand 
for total and family labor to changes in the price of farm- labor 
relative to farm output price was similar for the two functions. 
The farm machinery variable, x4, indicates the response of farm 
labor to additions in farm machinery in the previous year. As the 
investment in farm machinery rose by 10 percent in the past, ·there was 
a concurrent decrease of 3.1 percent in the total farm labor force, 
and 1.9 pe·rcent decrease in tbe family labor force. (Both of the 
corresponding regression coefficients were significant at the probability 
level of 5 percent or smaller.) 
The demand for total and family labor responded somewhat differently 
to changes in the variable, x1, relating farm wage-rates to farm 
machinery prices. However, the regrassion coefficients in both equations 
were nonsignificant at the 20-percent probability level. Both of the 
regression coefficients for the time variable were significant and 
similar in size. Evidently, factors that could be explained by a linear 
trend were of similar importance to the two labor groups. 
On the basis of similarity of the demand functions in equations 
31 and 32, the equation for family labor dominates the equation for 
total farm labor. Dissimilarity is suggested only for the variable 
representing machinery expenditure. 
The Regional Demand Functions for Family Labor 
Regional demand functions for family labor are presented in table 
8 as equations 55 through 63. The demand functions for family labor 
for the regions first were initially estimated by general least-squares 
methods. Because of inconclusive results in these first equations, 
distributed lag models were then applied for some regions. Since the 
distributed lag equations generally failed to improve the level of 
significance of the regression coefficients, demand equations using 
this model were not estimated for the remaining regions. 
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Analysis of the regional demand functions for familv la~ 
The regression coefficients for the farm wage-rate variables ranged 
from -2.71 to .605 among regions. Only one of the regression coeffi-
cients was significant at the 5-percent level, however, and only in 
the distributed lag equations were the coefficients significant even 
at the 30-percent level. (Three regions had regression coefficients 
larger than their standard errors.) The regional demand functions 
would indicate that the family labor force by regions has not been 
particular,ly responsive to changes in the hired farm wage-rate. Only 
in the East North Central region was the family labor force significantly 
responsive to the farm wage-rate; the price elasticity being -.207. 
Since the other regression coefficients were not statistically signifi-
cant, price elasticities were not derived for them. 
The parity ratio was included as a variable in three of the regional 
demand functions. Of the three regions, its regression coefficient was 
significant at the 5-percent level in the East North Central, 20- to 
40-percent probability level in the Middle Atlantic,·and significant 
only beyond the 40-percent level in the South Atlantic region. Because 
the parity ratio was included in only three of the nine regional demand 
functions for family labor, particular analysis is not made for this 
variable in the Northeastern region. 
The third variable included in the regional demand functions for 
family labor was time in linear form. The time variable was significant 
at the 5-percent level in five of the six regional demand functions in 
which it was included. Of the regional demand functions in which time 
as a variable was either not included or was nonsignificant, three of 
the equations were estimated by a distributed lag model; the lagged 
variable being significant at the 5-percent level of probability. These 
results suggest that, aside from the farm wage-rate and the parity ratio, 
relevant variables with influences on the regional demand for family 
labor were not included in the equations. The significance of the trend 
variable in the regional demand functions for family labor also suggest 
an incomplete specification of the model. 
Why are the coefficients for the Un:!.ted States demand functions 
for family labor significant while the corresponding regional coeffi-
cients generally are not significant? A possible answer may lie in 
the dominance of the trend variable in the regional demand functions. 
If the data collected for each region does not reflect year-to-year 
marginal changes in the family labor force, then. a trend variable would 
explain the smooth ~ariations quite well. When the data are aggregated 
on a national scale, the accumulation of data may bri.ng the yeat-to-year 
changes into greater prominence. (We should also note that the time 
periods covered by the regional and national demand functions are 
different.) Also, we believe that the dominant force explaining the 
magnitude of family labor employruznt is the availability of nonfarm 
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jobs. In general, rapid migration of family workers has taken place in 
periods of ample nonfarm employment opportunities, even though the return 
to labor in agriculture has been high, or has temporarily increased 
relative to nonfarm wage returns. In contrast, migration has been low 
during periods of national unemployment, even though returns in agri-
culture declined. Finally, technological change has been a rather 
continuous and "smooth" function of time, as has migration of family 
labor from farm, causing complexities in relating demand for family 
labor with the price magnitudes mentioned in the previous section. We 
analyze the effect of employment opportunity or magnitude of the farm 
labor force in a subsequent section. 
EMPIRICAL ESTIMATES OF NATIONAL SUPPLY 
FUNCTIONS FOR FARM LABOR 
This section includes empirical estimates of supply functions for 
hired and family labor in the United States. As given earlier in the 
study, the hypotheDis tested was that the supply of farm labor is 
responsive to changes in the farm wage-rate and the nonfarm wage-rate. 
This hypothesis relates to quantification of the "push-pull" migration 
theory: the assumption that the rate of off-farm migration, which 
directly affects the supply of farm labor, is subject more to the "pull" 
of nonfarm wage-rates and employment opportunities than to the "push" 
of the introduction of labor-saving machinery and techniques.~ 
The presentation and analysis of the supply functions for hired 
labor will precede the analysis of the supply functions for family 
labor. Following this analysis, a function predicting net off-farm 
migration will be presented. 
The Estimation. of a Supply Function 
for Hir.ed Labor for the United States 
The supply functions for hired labor were estimated froma system 
of equations, one estimated by reduced form method, and the other 
~ See: Fuguitt, Glenn V. Part-time farming and the push-pull hypothesis. 
Amer. Jour. Soc. 44:375-379. 1959; Hagood, Margaret J. and Sharp, 
Emmit F. Rural-urban migration in Wisconsin, 1940-1950. Wis. Agr. 
Exp. Sta. Res. Bul. 176. 1951; and McDona!d, Stephen L. Farm 
out-migration as an integrative adjustment of economic growth. 
Social Forces 34:119-128. 1955. 
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estimated by the Theil·Basmann technique. In addition, the supply 
function derived by the Theil·Basmann method was esti.mated using auto-
regressive least-squares equations. 
The method of presentation of this section differs from that used 
in preceding sections: the analysis proceeds by type of equation, 
rather than by variable. A comparison of regression coefficients and 
elasticities estimated in this study and in other studies concludes 
the section. 
A just-identified (reduced-form) supply function_for hired labor 
A two-equation just-identified system of equations was utilized 
initially to estimate a supply function for hired labor. The just-
identified demand function of this system for hired labor was presented 
as equation 30 of table 5. The corresponding supply function of the 
system is estimated as equation 66 where the coefficient of adjustment 
is .185S:ill 
(66) Y2t = 22.869 + .814SY2t-l + .1757Xlt - .3654X5 - .1036X6t• 
The composite nonfarm wage variable was described in the chapter on 
model specification: A is the average hourly earnings of the factory 
workers, and U is the percentage total unemployment. The model 
supposes that when unemployment rises to 20 percent, the nonfarm wage-
rate has zero effect in pulling labor from farms. The standard error 
of the regression coefficients were not estimated because the Theil-
Basmann estimates presented elsewhere contain standard errors and be-
cause of the added cost of computing them. 
The signs of the regression coefficients appeared are consistent 
with theory and the hypotheses underlying the estimates. The elasticity 
of supply quantity with respect to the farm wage-rate is estimated at 
.13 in the short-run and .71 in the long-run. In the past, as the 
farm wage-rate has increased by 10 percent, ceteris paribus, there has 
been a corresponding, rise of 1.3 percent in the supply of hired labor 
in the short-run and 7.1 percent in the long-run period. In other 
, words, the long-run elasticity is predicted t~ be more than five times 
the short-run elasticity. 
!!3/ The regression coefficients are as defined under equations 1 and 
2. The variable, x1t, is deflated by the index of prices paid by 
farmers for living expenses. 
55 
The cross elasticity of supply quantity with respect to the non-
farm wage-rate variable is. predicted as -.06 in the ,short-run and. - ~31 
in the long-run. With an increase of 10 percent in the nonfarm wage• 
rate variable in the past, there has been an accompanying decrease ,in 
the supply of hired labor of .6 percent in the short-run and 3.1 per-
cent· in the long-t"un. Again, the long-run elasticity is predicted to 
be more than five times the short-run elasticity. 
A supply function for hired labor est~mated by 
autoregressive least-sguares from a svstmn of eq\.1ations . 
A two-equation system also was used in estimating a supply function 
for hired labor by autoregressive least-squares methods. The variables 
included in the system of equations are the same as those used in the 
just-identified system, el{cept that the nonfarm variable was lagged one 
year for the former. The demand function estimated from this equation 
system was presented in table 5 as equation 31. 
When the estimation of the supply function for hired labor was 
initially attempted, difficulty was encountered in the iteration pro-
cedure. All of the coefficients of the supply function increased in 
absolute value with successive iterations, rather than following a· 
converging sequence. The source of the trouble evidently was the 
failure of the demand shifter, the prices received variable, to pro-
vide sufficient identification of the supply function.~ Hence, use of 
another demand shifter was deemed necessary to derive a satisfactory 
supply function for hired labor. The system of equations was enlarged 
by the addition of another demand shifter, the value cf farm machinery 
and equipment, lagged one year. With the inclusion of this variable in 
the system, a supply fur1cUqn for hired labor was identified and is 
presented as equation 67:~ · 
(67) -d d d Y2t = 140.95 + .4862Y2t-l + (·,,_13667X)~t- .8548X5t- .1411X6t-l• (.357) (.57l~) - (.095) 
~ An equation specified like the supply function in equation 66 is 
insufficiently identified when the autoregressive assumption is 
applied. 
ill The regression coefficients and significance level notations are 
as defined for equation 66, except x6t is lagged one year~ 
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The value of a2 for this equation is .974, ·while the adjustment coeffi-
cient is .51. The signs of the regression coefficients are consistent 
with theory and expected effect of the variables. The coefficients of 
the wage-rate, x1t, and the composite nonfarm wage-rate variable, x3t, 
are of magnitude similar to those in equation 66. The coefficient of 
the farm wage-rate variable is smaller than the corresponding standard 
error and the remaining coefficients are significant at the 20-percent 
level. Since autoregressive least-squares equations were used, the 
estLmate of a, the autoregressive coefficient, has the numerical value 
of .5155, and witb_~ts standard error, .33051 is significant at the 
20-percent level.~ 
The corresponding elasticity of supply quantity with respect to 
the farm wage-rate is estimated at .13 in the short-run and .24 in the 
long-run. In the past, then, the supply response to an increase in the 
farm wage-rate has been twice as great in the long-run as in the short-
run, other things being equal -- if we are willing to accept the re-
gression coefficients which are small relative to their standard 
errors. 
The supply elasticity of the composite nonfarm wage-rate variable 
A(l - 5U) 1 is estimated at -.078 in the short-run and -.15 in the long-
run. Again, however, the regression coefficient of this variable is 
significant at only the 20-percent level. 
A comparison of regression coefficients 
for the supply of hired labor 
The results of the sug~~Y functions for hired labor may be compared 
with the results of Schuh.~ At the time the estimates reported in this 
study were being made, a parallel set was being estimated by Schuh. The 
two sets of estimates were made independently with lack of knowledge of 
the simultaneous efforts. Schuh was prLmarily interested in supply 
estimation and derived his supply function by the Theil-Basmann method. 
The variables used in his supply functions were the farm wage-rate, non-
farm earnings, unemployment, and the civilian labor force. The time 
period was the same, 1929-57. Schuh did not utilize autoregressive 
least-squares equations in his supply functions. 
The short-run elasticities of hired labor supply with respect to 
the farm wage-rate were similar between the two studies. Schuh's 
estimates ranged from .07 to .20, ~ile for equation 67, the estimate 
was .125. The large differences arose in the long-run estimates. The 
estimated long-run price elasticity of supply was .24 for equation 67 
using ALS, .71 for equation 66, and from .32 to 2.03 for Schuh's 
~ See equation 17. 
W Schuh, .22· ill· 
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equations. With the equation modified by the autoregressive scheme, 
the long-run elasticity was est~ated to be much lower than that derivee 
by ordinary estimational techniques. The essen~ial difference, of 
course, is that the modified fo::m of eq.uation 67 permits a lower estima-
tion of the coefficient of the lagged endogenous variable, which•in · 
turn, results in a corresponding higher adjustment coefficient and 
lower long-run elasticity. 
The nonfarm wage-rate variable was not directly comparable with the 
estimate of Schuh. He employed nonfarm earnings and unemployment as 
separate variables. However, the effects of theoe variables may be 
compared indirectly. The estimates of the regression coefficients of 
equations 66 and 67 were similar; in the short-run of elasticity of 
labor quantity relative to the nonfarm wage-rate variable was -.057 
for equation 66 and -.078 for equation 67. The corresponding short-
run elasticity of Schuh's est.imates were higher, averag:l.ng -.46. In 
the long-run, since Schuh's estimated adjustment coefficients were very 
low, the elasticities of his nonfarm earnings variable ranged from -2.14 
to -4.67. The corresponding elasticities in the long-run for equations 
66 and 67 were -.31 and -.15. Though the variables are not directly 
comparable, the choice and form of variables used by Schuh.and our-
selves probably account for the wide range o£ long-run estimates of 
elasticities, from inelastic to highly elastic for his, and the smaller 
range for our estimates. Had Schuh used an autogressive transformation 
and possibly included time as a trend variable, his estimates would 
likely have been similar to those found in this study. (This is not to 
say, of course, that his work is not excellent.) 
In general, the estimates of the supply function for hired labor 
are consistent with theory and expected 11 real world" effects of relevant 
variables: Variables which are assumed to affect the supply of farm 
labor were included in the specification; the effect of the farm wage· 
rate and a composite nonfarm wage-rate variable were tested; and the 
function was modified by an autoregressive scheme. While the focus of 
this study was on labor demand, the supply estimates, even though in-
cluding coefficients with relatively large standard errors, provide 
information necessary in analysis of the quantity of labor employed in 
agriculture. 
The Estimation of a Supply Function for 
Family Labor for the United States 
The analysis of the supply functions for hired labor does not 
necessarily reflect the relationship of the variables specified to the 
supply quantity of all farm labor. Hence, a supply function for family 
labor for the United States also was estimated. With no previous 
quantitative analysis for family labor; the hypotheees adopted were the 
same as those for hired labor. Thus, th~ supply function for family 
labor was specified with the same variables as for hired labor, except 
58 
that the nonfarm wage-rate variable was included for the present year 
and lagged 1 year. The estimating technique again was that of the Theil-
Basmann technique, using autoregressive least•squares ~quations. To 
assist further in the determination of the dominant factors affecting 
the supply of family labor, an analysis was made of the variables 
affecting the net migration from farms. The results of the supply 
function for farm labor will be presented first, and will be followed 
by the analysis of net farm migration. 
The supply function for familv labor :l.n the United States 
In the estimation of autoregressive least-squares equations, 
several iterations are "run" until negligible changes occur among the 
estimated coefficients. The results of the second iteration estimating 
the supply function for family labor indicated large and inconsistent 
changes from the previous iteration among the lagged variable, time, 
and the estimate of a. However, the regression coefficients of the 
farm wage-rate and nonfarm wage-rate had little change. Evidently, 
without highly significant independent variables other than time and 
the lagged dependent variable, problems of multicollinearity arose. 
On the initial iteration, however, as the iteration was beginning to 
"settle down," the estimated f~~f,ly labor supply function, taken as 
deviations from the mean, was:~ 
(68) d 1.08x5t (.74) 
e 
.Ol3x6t (.05) 
d d .079x6 ~-l + .52yt-l ( .07) I. ( .36) 
The regression coefficients of equation 68 were 11 consistent" in sign, 
and had significance levels as follows: · The variables for the composite 
nonfarm wage-rate lagged one year, time and the family labor force lagged 
one year were significant at the 20- to 40-percent probability level, 
while the farm wage-rate and nonfarm wage-rate (for the present year) 
were significant only beyond the 40-percent level. The autoregression 
coefficie~t, a = .65, was not significant at the 20-percent level. Upon 
the completion of the next iteration, the coefficients of the remaining 
variables changed erratically. Consequently, because of the unfinished 
estimation of the supply function for family labor, elasticities were 
not derived. However, the size and significance of the primary explana-
tory variables are of interest. Nonsignificant results (i.e., not 
significant at the 40-percent probability level) were obtained both for 
2fJI The regression coefficients are as def1ned under equations 1 and 
2, with the notation of the significance levels as defined under 
table 5. The variable x6t-l = x6t lagged one year. 
the farm wage-rate and for the nonfarm wage-rate variables. The 
results are similar to those obtained in the estimate of the supply 
function for hired labor. 
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The supply of family labor was also estimated for the same period, 
1929-57, by ordinary least-squares methods. In these equations, coeffi-
cients for the uonfarm wage-rate and the percentage of unemployment 
were estimated separately. The resulting supply functions are pre~~qted 
below, with the observations measured as deviations from the mean:~ 
(69) 
,., 1\ 
y2t = .136x1t - .408x5t - .152x7t + .139x8t + •773Y2t-l ( .101) (.176) (.096) ( .137) (.145) 
(70) f\. I' y2t = .l32x .405x .149x7t + .13Sx8t + •774Y2t-l (.059) 1t (.153) 5t (.078) (.103) (.136) 
where equation 69 was estimated from a system of equations and equation 
70 was estimated singly. The farm wage-rate coefficients of equations 
69 and 70 are similar to 68. The significance levels ~ere higher in 
equations 69 and 70, however; reaching the 5-percent level in equation 
70. The nonfarm wage-rate coefficients were also significant at a 
lower probability level though not directly comparable. (Had the 
iterative procedure "settled down)" it is likely that the coefficients 
of equation 68 all would have been significant at a level of 20 percent 
or smaller.) 
Based on the tentative results of equation 68, the supply of family 
labor appears to respond only slightly to the farm wage-rate and the 
nonfarm wage-rate. Again, we believe the availability of nonfarm employ-
ment to have dominated the farm labor supply function over the last 
several years of rapid mechanization of agriculture. 
The regressi~n coefficients are as defined under equation l and 2, 
with the notation of the significance levels as defined under table 
5. The x's andy's are in lower case to denote that the observations 
are taken as deviations from the mean. The variable, x7t, is the 
nonfarm wage-rate deflated by the index of prices paid by farmers 
for living expenses, x8t is the percentage unemployment of the 
total work force, and x1t is deflated like x7t. 
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Analysis of net farm migration 
Our hypothesis is that the migration from farms is mainly and 
directly in response to off-farm employment opportunities. The estimated 
supply functions presented above provide one test of this hypothesis; 
the results indicating a relative lack of response of the farm labor 
supply to both wage-rate variables. Hence, we now analy~e farm labor 
from the standpoint of r.et changes in the farm populaticn. An auto-
regressive transformation was not usecl in these estimates. The time 
period covered again was 1929-57. The resultant equati,Qt} with the 
obee-rvations measured as deviations from the roean was:i11 
(71) 12t = .255x~t - .099x2t - .492x5t - .069x:t-l (.184) (.053) (.210) (.071) 
"d 
.023y2t-l 
(.022) 
The value of R2 for equation 71 is .36. The sign of the farm wage-rate 
coefficient indicates that as the wage-rate has risen, there has been 
an accompanying net return of labor to farms. Similarly, the coefficient 
of the composite nonfarm wage-rate indicates that as this variable in-
creased in the previous year, there was an accompanying net migration 
from farms. The signs of the regression coefficients were "consistent" 
for all but one of the variables. The sign of the parity ratio was 
negative, indicating that as the pe.t·ity ratio increased in the previous 
year, there was an accompanying net departure from the farm. The time 
periods in which the parity =atio increased were similarly periods when 
nonfarm employment opportunities increased most rapidly. 
The results of the migration analysis do not alter the conclu•ions 
from the analysis of supply functions for family labor. The farm wage-
rate and the nonfarm wage-rate variables had "consistent" signs in both 
sets of equations; the standard errors also being large relative to the 
regression coefficients. 
THE SUBSTITUTION OF FARH LABOR AND 1-"..ACRINERY 
Functions including the price cf farm machinery were not presented 
in the foregoing analysis of labor demand because of inconsistent empirical 
ill The regression ocefficients are as defined under equations 1 and 2, 
with the notation of the significance levels as defined under table 
5. The dependent variable, §lt, is the annual net migration from 
farms, United States. The deflator of x1t, x2t and x6t-l is the 
index of prices paid by farmers for production expenses. 
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results where this variable was included in the estimating equations. 
Since substitution between labor and machinery inputs is difficult to 
estimate quantitatively, the phenomena involved is discussed in some 
detail in this section. Also, regression equations are presented which 
include both the farm wage-rate and machinery prices as independent 
variables, either singly or as ratios of the two. 
Relationship of the Farm Labor 
and Farm Machinery Markets 
The substitution of labor and machinery is affected by four factors 
which can be measured in national statistics: the pr!~~ and availability 
of labor and the price and availability of machinery.~ The relation-
ship of these several variables to the demand for labor has not yet been 
empirically established. It g~fj been suggested that the "push-pull" 
migration hypothesis applies,~ but that the main force in off-farm 
migration is generated by farm-nonfarm relative wages subject to off-
farm employment opportunities. Mechanization must increase as the 
number of workers decline. A simultaneous determination of labor supply 
and demand and machinery demand may thus appear appropriate in establish-
ing the basic structural relationships irivolved. However~ as this study 
indicates the extremely great multicollinearity among major variables 
relating to machinery and labor demand makes these estimates highly 
difficult, and perhaps impossible with degree of refinement. Several 
of the important "determining variables" of farm labor (table 2) have 
changed simultaneously over time. As farm wage-rates and farm machinery 
prices have increased, the farm population has decreased. these changes 
have been coincident, but, as shown in table 2, have occurred at differ-
ent relative rates. Contributing factors to the concurrent change in 
these variables are: (1) machinery innovations which have increased the 
productivity of machinery relative to machinery prices; (2) farm wage-
rates-rather than value productivity of labor in agriculture; and (3) 
farm machinery prices have followed steel and industrial product prices--
with all of these variables coinciding closely with the trend in national 
price level and the shift of most major itJ.dustries to a more highly 
mechanized and capital-intensive structure. Structural relationships 
between farm labor and farm machinery have been changing constantly 
within this realm of simultaneous forces. Cromarty postulated that the 
earning power of a farm machine is dependent QOt only on price, but also 
on the changes in technology in farm machinery and farm.procuction methods.~ 
~ Cromarty, W. A. the demand for farm machinery and tractors. Mich. 
Agr. Exp. Sta~ Tech. Bul. 275. 1959. 
~ See references cited in footnote 44. 
Ii./ Cromarty, ~· ill· 
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Farm labor and machinery on a firm level are, in one sense, com-
plementary resources. If a new tractor is added, an additional man 
must be hired to operate the mac~ine on typical farms. This situation 
perhaps best applies to areas of agriculture which are already well• · 
mechanized. Too, substitution of labor and machinery may represent a 
"one-way" relationship. As labor leaves the farm, machinery is intro-
duced to replace it. To reverse this process and accommodate labor 
returning to the farm, machinery must be sold or left idle. Machinery 
will be sold only under the unlikely circumst~~9es that its marginal 
value product is less than its salvage value,.2§Jand even then it has 
salvage value mainly on other farms. These aspects of the farm labor 
machinery relationship suggest reasons why the interaction of machinery 
and labor demand cannot be isolated from the relatively simple national 
statistics available on price and quantity of the two resources. 
Empirical Demand Functions Containing 
a Machinery Price Variable 
In face of the likely difficulties discussed above, four equations 
have been estimated which are based on the specification of two differ-
ent demand models for hired labor, and farm machinery investment, with 
farm machinery price included as a variable. One model was specified 
to predict the demand for hired labor, and the other to predict farm 
capital expenditures on farm machinery and equipmen~. All equations 
were taken with a distributed lag, both in linear form and in logs. 
The time series for hired labor is the same as used in previous 
sections of the demand for hired labor. The series for farm capital 
and expenditures is an aggregation of farmer expenditures on tractors, 
trucks 1 au§~obiles for farm business use, <nid other. machinery and 
equipment.W The explanatory variables which contain the price of 
farm machinery and the farm wage-rate are presented both separately 
and as a ratio of the two variables. 
Two equations predicting the demand for hired labor for the period 
1910-57 are presented first. A linear equation utilizing the farm wage-
~ Johnson, Glenn L. Supply .functions -- some facts and notions. In 
Heady, Earl 0. 1 Diesslin, H. G., Jensen, Harald R. and Johnson, 
Glenn L., eds. Agricultural adjustment problems in a growing 
economy. Iowa State .University Press, Ames, Iowa. 1950. pp. 
74-93. . 
2l/ U. S. Department of Agriculture. Agricultural Marketing Service. 
Farm income situation. July 1959. p. 151. 
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rate and_t;l).e price of farm machinery as a ratio was estimated as 
follows:~ , · 
(72) Ylt = 25.66 + .0169X:t + .2054X - .0588Xd + .8570Ylt-l 
(.0320) 4 (.lll5) 5t (.0401) 7t (.0727) 
The coefficient of determination for equation 72 is .982. On theoretical 
grounqs, we expect the coefficient of x1 . to be negative. Though in-
significant, the empirical estimate of tfie coefficient ·is positive. A 
parallel equation in logs, with the machinery price and wage-rate 
entered as single variables is:22/ 
(73) ylt = .7923 - .0994Xlt 
(.031) 
.1375XJt - .0094X5t + .8470Ylt-l (.139) (.016) (.053) 
The coefficient of determination for equation 73 is .985. The 
regression coefficient for the index of machinery prices is significant 
·and has a negative elasticity of -.1375. Were the time variable, x5t, 
en~ered in the equation so as to be more statistically significant, 
the x3t coefficient may not have been significant. 
Two predictions are made for capital expenditures on farm machinery: 
equation 74 with observations in logarithms and equation 75 with 
observations in linear form:~ 
The regression coefficients are as defined under equations 1 and 2, 
with the notation of the significance levels as defined under table 
5. The farm wage-rate, Xlt' is deflated by the index of farm 
machinery prices, United States. The variable, x7t, is the ratio 
of the farm wage-rate to the index of prices received by farmers 
for all commodities, United States. 
The regression coefficients are as defined under equations 1 and 2, 
with the notation of the significance levels as defined under table 
5. The variables x1t and x3t are deflated by the index of prices 
paid by farmers for living expenses, United States. Time is in 
exponential form in equation 58. 
The regression coefficients are defined under equations 1 and 2, 
with the notation of the significance levels as defined under table 
5. The dependent variable, ft, is defined as the aggregate farm 
capital expenditure on farm machinery and equipment, United States. 
The variable, x1t, is deflated by the index of farm machinery prices, 
United States and the variable x7t, is the annual average number of 
hired farm workers, United States. 
(74) 
(75) 
0 0 
Yt = 1.2353 + .6764Y + (.1113)t-l 
0 0 
d 
.2132Xlt 
(.1568) 
.5213X7 t (.2876) 
.315X y =-3.83 + 
t 
• 753Y + 
(.092)t-l 
.134Xd + 
( .092) lt ( .057) St 
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In neither of the equations ~!las the coefficient for the variable "ratio 
of wages to machinery prices" significant at the 5-percent level, 
although the values were greater than the corresponding standard errors. 
These equations suggest several implications for the analysis of 
the machinery labor substitution of relationships. First, the results 
for equations 74 and 75 indicate that the data have not been entered in 
such form and variables have not been specified to clearly indicate the 
effect of prices for the two resources on their substitution. Cromarty 
indicates that in predicting the quantity of machinery purchased by 
farmers, "the negative sign on farm wage-rates does not support the 
hypothesis that machinery is substituted for labor as farm wages rise."lli 
As mentioned earlier in this section and illustrated in table 3, wage-
rates, machinery prices, and machinery purchases have increased 
simultaneously while the labor force has decreased. This multicolli-
nearity gives rise to the estimational difficulties mentioned earlier. 
Finally, the substitutability of labor and machinery, and the variables 
used to express it, cannot be measured apart from changes in crop 
production methods and other technological changes affecting the 
relative marginal productivity of labor and machinery. The four 
estimated equations are of inte~est, however, because they explain 
the dependent variables in terms of "what has transpired in the past" 
in accordance with the aggregative data used. To adequately specify 
and measure the substitution of labor and machinery, two characteristics 
probably need to be expressed in the model: (1) inclusion, along with 
the price of machinery, of quality changes in machinery; and (2) de-
aggregation of the data and analysis on the basis of smaller areas and/ 
or crops, so that specific instances c:E machiflery labor substitution 
can be expressed. 
PREDICTIONS OF THE FARM LABOR FORCE 
In the preceding sections, empirical demand anc supply functions 
for farm labor were presented and analyzed to extend information on the 
structure of the farm labor maxket, particularly as it has existed in 
the past. The test of a demand function lies in its predictive accuracy. 
W Cromarty, .2£• c.it., p. 40. 
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In this section, predictions of the size of the farm labor force for 1965 
and 1975 are presented. Short-run predictions based on previously dis-
cussed demand functions are presented first. Second, methods of current 
predictions of long-run estimates of the farm labor force are discussed, 
and a naive long-run predictive model, based on man-hour requirements, 
is presented. 
Short-Run predictions of Farm Labor Employment 
Several labor demand functions were utilized, including separately 
the demand for hired, family and total farm employment, in predicting 
size of the farm labor force or employment. The term "short-run" is 
used to indicate a time period of such duration that a firm is unable 
to vary the quantity of some resources used. For the purpose of this 
study based on time series data, the time periods are definitionally 
determined as consisting of yearly periods varying in span from 1 to 5 
years, or up to 19'65. 
To present forecasts for 1965, projections of the independent 
variables were constructed. Basically, they are simple extensions of 
trend, since price analysis is not the purpose of this study. Data 
were available for 1958 and 1959 so that comparisons of predictions with 
actual data was possible. 
Predictions for 1958, 1959 and 1965 
The equations used as the basis of the predictions are: (1) hired 
labor, equation 31 of table 5;. (2) family labor, equation 54 of table 8; 
and (3) total farm employment, equation 64. Predictions from these 
equations are summarized in table 9. The term Y in table 9 refers to 
a 
actual numbers of workers while Yp refers to the predicted number of 
workers. As expected, the computed trend in the demand for farm labor 
is downward over time. The demand function for total farm employment 
was estimated from data covering the period 1910-57, and was not as 
sensitive to changes in 1958 and 1959 as were the demand functions for 
family and hired workers estimated with data from shorter periods. The 
demand function for family labor, estimated over a shorter period, 
1940-57, was slightly closer to the actual data than were the other 
estimates. The best fit was for hired labor over the period 1929-57 in 
which autoregressive least-squares equations were employed. 
For 1965 a total farm employment of from 6.4 to 6.75 million 
workers is predicted from equation 64. Separated into component sectors 
on the basis of equations 31 and 54, demand for family workers is 
estimated at 4.8 million while demand for hired labor is predicted at 
1.6 million. The total of the separately estimated 4.8 and 1.6 million 
66 
Table 9. Predicted farm employment for 1958, 1959 and 1965. 
Total farm 
Year em;elovment Family workers Hired workers 
y y y y y y 
a p a p a p 
(In thousands of workers) 
1958 •••••••••••• 7,525 8,100 5,570 6,000 1,955 1,900 
1959 •••••••••••• 7,384 7,800 5,459 5,900 1,925 1,800 
1965 •••••••••••• 6,750 4,800 1,600 
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workers closely approaches the estimated total of 6.75 JnUlion workers 
from equation 64. This total of 6.75 million workers in 1975 would 
represent a decline of 33 percent in employment from the 1947-49 number 
of farm workers. 
The following section includes estimates of long-run or 1975 
demand for farm labor. 
Long-Run Demand for Farm Labor 
In the inquiry into future requirements and supplies of agricul-
tural products, predictions of the demand for farm labor were necessary. 
Several studies have been compiled in the last few years which estimate 
the future course of agriculture and present informal estimates of the 
long-run demand for farm labor. These predictions have been made by 
Daly and Barton, Bonnen and Black, The President's Materials Policy 
Commission, Koffsky, Cochrane and Lampe, Ruttan, and Clark.~ A 
common method in these informal predictions is: to assess consucer 
needs for and projected supplies of agricultural prpducts. Employment 
predictions are then based on these projections, the labor force 
assessments relating to a rigid set of cond:f.tions. For example, Bonrien 
and Black&l/ state the following assumptions: (1) a continued high 
level of employment; (2) no all-out war; (3) no basic change in the 
tax structure;· (4) "average" weather; and (5) a specific size of the 
future population. Given these r.estrictions, factors affecting t~e 
.. 
See: Bonnen, J. T. and Black, J. D. A balanced U. S. agriculture 
in 1965. National Plan)ling Association. Washington, D. c. 1956; 
Clark, Colin. Afterthougpts on Paley. ·Rev. Econ. Stat. 36:267-273. 
1954; Cochrane, w. W. and J.ampe, H. c. The nature of the race 
between food supplies and demand in the u. s., 1951-1975. Jour. 
Farm Econ. 35:203-222. 1953; Daly, R. F. and Barton, G. T. Pros-
pects for agriculture in a growing economy. In: Problems and 
policies of American agriculture. Assembled and published under 
the sponsorship of the Iowa State University Center for Agricultural 
Adjustment. Iowa State Uni~ersity Press, Ames, Iowa. 1959. pp. 
28-46; Koffsky, Nathan. Tne long term price outlook and its impact 
on Ame~ican agriculture. Jour. Farm Econ. 36: 79.0•798. 1954; 
Ruttan, Vernon W. The contribution of technological progress to 
farm output; 1950-75. Rev. Ikon~ Stat. 38:61-69. 1956; U. S. 
President's Materials Policy Commission. Resources for freedom: 
a report to the President. Vol. l-5. u. s. Govt. Print. Off., 
Washington, D. c. 1952. 
Bonnen, .QR.• cit. 
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rate of food consumption were listed as: (1) population growth; (2) 
per capita consumer income; (3). price and income elasticities; and 
(4) changes in world supply and demand affecting exports. Perhaps 
the most important single determinant is the growth in population, 
since the demand for agricultural products is relatively inelastic in 
price and income, and the status of future foreign trade is difficult 
to determine. 
Population predictions used for the United States in 1975 have 
varied according to the year of the written report because estimates of 
the fertility rate have changed almost between years. For instance, ~hi 
some of the population estimates were, in millions of persons~ Clark,.§!u 
234; Koffsky,~ 210; Paley C~ission, 66/ 193.6; Daly,~ 2is.8 to 
243.9. Given a population prediction, and adjusting for income and 
price elasticities and foreign trade, estimates of the consumer needs 
of agricultural produ~ts are then made. Estimates of future production 
are thea.·computed.~· 
Finally, the estimates of the size of the farm labor force, such 
as for 1975, are calculated: to furnish the manpower needed either to 
fulfill the production estimates, ot to meet consumer needs. Am9~8 
the predictive methods used were 11 educated guesses," as in Black,~ and 
extensions cf linear trends as utilized by Clark.zQ/ A c2~garison of 
predictions of the agricultural labor.force for 1975 are:1lf Daly, 5.5 
million workers; Black, a decrease of 10 percent in the labor force from 
1950, or about 8.4 million workers; Clark, 2 million workers (or approxi-
mately 3.5 million workers on a comparable scale with the other estimates), 
A Long-Run Predictive M~del for Farm Labor 
The more formal models discussed earlier are used in this. section 
for making projections of farm employment in 1975. One difficulty in 
Clark, Colin, ~· £!!. 
Koffsky, 22· £!!. 
U. S. President's Materials Policy Commission, 22· ill· 
Daly, 22• ,ill. 
These estimates generally assume that farmland will remain constant 
and that farm employment will decrease while agricultural output 
per man-hour will increase. Factors tending to increase output 
per man-hour are taken as: (l) larger farms which promote economy 
of use of existing equipment; (2) increases in yields of crops and 
livestock; (3) increases in technological development; and (4) 
further specialization of production. ·· 
Bonnen, 22• cit. 
Clark, Colin, 22· £!!. 
Daly, ~· £!!.; Bonnen, ~·£iS.; Clark, Colin, 22• £!!. 
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extending trends, and t~e "determining variables must be thus estimated," 
is that they soon ca~se'labor employm~nt to approach zero and become 
negative. However, complex e~timat~Rnal procedures also may lead to 
projections which depart froni reality and upcoming. structural transforma-
tions. We do, however, employ our esttmating equations to make pro-
jections to 1975. Projections thus are provided which can be compared 
with the less formal predictions which have been made in the studies 
cited earlier. 
The model used for long-run prediction in this paper is a growth 
model similar to that proposed by Hicks.ll/ Hick's model is: 
(76) E = E (1 + g)n 
n o 
where g = the growth rate, E0 = equilibrium output in period o, and 
n = the n-th time period. This model was one with a constant growth 
rate and the function changes at an increasing rate. To predict farm 
labor force size for the United States1 the equation was altered so 
that the function decreases at a de.creasing rate, as follows: 
(77) n M = M (1 - p) 
n o 
where Mo = man-hour requirements of agricultural labor in the year n, 
M0 =man-hour requirements in the base year, and p = the rate of change 
of agricultur<1l output per m<1n·hour. Since output will change <1ccording 
to consumer needs, estimated change in tot<1l United States population 
was added to the model as follows: 
(78) 
where g = the yearly average change in population in the United States, 
and the other parameters are the same as explained above. 
The advantages of a model of this type are: (1) projections are 
a function of farm man-bouts ·in the present or some base year; (2)·the 
equation may be modified as man-hour productivity changes; (3) the 
model can consider growth in the consumer sector; and (4) algebraically, 
the model allows "slw' convergence to some lower asymptote, zero, with 
11/ Hicks, J. R. A contribution to the theory of the trade cycle. 
Oxford University Press, London, England. 1950. 
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the rate of convergence subject to estimated productivity and population 
changes. Our 1975 projections are for man·hour requirements in agri-
culture, following the FERD data explained earlier. They are not for 
labor employment or work force as measured by AMS data. 
A convenient method used in estimating p, the change in farm 
productivity, was to determine the average yearly rate of change in 
farm man-hour requirements for the last few years utilizing FERD data.l1f 
Thus, we let M0 = 76, the index of man-hour requirements for 1955, and 
substitute in various years from 1946 to the present to determine an 
average value for p. For instance, the estimate of p for 1956 is: 
(79) 72 = 76(1 • p)1(1 + g)2 
where g is estimated to be .0172• Taking t~e logarithms of both sides 
and solving, we have p = .068.' Similarly, the values of p for 1957 and 
1958 were determined, and an average value for p was .067. In order to 
predict, the value of p was substituted into the equations for 1965 and 
1975, using 1958 as the base period. The resultant point estimates are 
in index form, based on the 1947-49 average of man-hour requirements. 
The United States farm man-hour "needs" in 1965 are thus estimated to 
be 45.7 percent of the 1947·49 average, while the farm labor "needs" in 
1975 are estimated to be 27.1 percent of the 1947-49 average. Estimates 
from the equation are plotted and compared with a linear trend in fig. 
11. Roughly, the 1975 man-hour requirements in fig. 11 correspond to 
employment of 5 million under projections from equation 78 and 3 million 
farm workers from extension of the linear trend. The two series, parallel-
ing AMS and FERD data, are not directly comparable, .. however. Man-hour 
requirements may decrease considerably more than the number of farm 
workers. With increasing technology and greater labor productivity, 
man·hour requirements tend to decrease more rapidly than the number of 
farm workers. Since the productivity of labor is not constant over 
long periods of time, frequent testing of the yearly changes in man· 
hour requirements with a concomitant adjustment in the long•run 
estimates, thus is recommended in use of projections such as those 
above. 
The model presented in this section is one which can be utilized 
for simple predictions of the labor requirements in future periods. 
For the two periods, 1965 and 1975, man·hour requirements were estimated 
to be 45.7 and 27.1 percent, respectively, of the 1947-49 average. For 
policy purposes, these estimates indicated that with the present rate 
of change in man-hours needed in agriculture projected into the future, 
agricultural labor requirements will decrease by 1965 to 70 percent 
and by 1975 to 40 percent of the 1957-58 average requirements. 
]11 u. S. Department of Agriculture- Changes in farm production and 
efficiency, E£• £!!., p. 18. 
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APPENDIX 
Sources of data used in the study are: 
Farm employment estimates: U. s. Department of Agriculture. Agricultural 
Marketing Service. Farm employment. u. S~ Dept. Agr. Stat. Bul. 236. 
1958. 
Farm wage-rates: U. s. Department of Agriculture. Agricultural 
Marketing Service. Farm labor. Dec. 101 19501 Jan. 11, 1951, Jan. 10, 
1958, Jan. 9, 1959. 
Index of prices received by farmers for all commodities: U. S. Depart-
ment of Agriculture. Agricultural Marketing Service. Farm income 
situation. July 1959; U. s. Department of Agriculture. Major statistical 
series of the U. s. Department of Agriculture, how they are constructed 
and used. Vol. 1. u. s. Dept. Agr., Agr. Handbook 118. 1957; Informa-
tion on the index of prices received by farmers in New York, 1929-57. 
Ithaca, N. Y., New York Agr. Exp. Sta. 1960; Harrington, B. J. and 
Elrod, J. C. Prices received by Georgia farmers, 1909-54. Ga. Agr. 
Exp. Sta. (Bul. N. S. 29. 1956; Information on the index of prices 
received by farmers in Georgia, 1955-57. Experiment, Ga., Georgia Agr. 
Exp. Sta. 1960; Economic trends affecting agriculture. Michigan State 
University, Dept. Agr. Econ. Michigan Farm Economics No. 181:4. 1958; 
Indiana Agricultural Experiment Station. Department of Agricultural 
Statistics. Indiana crops and livestock. No. 315, 1951; No. 339, 1953; 
No, 363 1 1955; Information on the index of prices received by farmers 
in Tennessee, 1929-57. Knoxville, Tenn., Tennessee Agr. Exp. Sta. 1960; 
Prices of Iowa farm products (1930·58), Iowa Farm Science 13 1 No. 8:24. 
Feb. 1959; Information on the index of prices received by farmers in 
Texas, 1929·57. College Station, Texas, Texas Agr. Exp. Sta. 1960; 
Wyoming Department of Agriculture. Wyoming agricultural statistics and 
information, 1957-58. Wyo. Dept. Agr, Bul. 21. 1959. 
Index of prices paid by farmers for living expenses, for production 
expenses, interest, taxes and wages: u. s. Department of Agriculture. 
Major statistical series of the U. S. Department of Agriculture, how 
they are constructed and used. p. 64; U. s. Department of Agriculture. 
Agricultural Marketing .. ServiFe• Agricultural prices, Oct. 15 1 1959. 
Index of farm machinery prices: U. s. Department of Agriculture. 
Agricultural statistics. 1952; 1958. 
Index of expenditures on farm machinery and equipment: u. s. Depattment 
of Agriculture. Agricultural statistics. 1952; 1958; u. s. Department 
of Agriculture. Agricultural Marketing Service. Farm income situation. 
July 1959. 
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Index of average hourly earnings of factory workers: U. s. Department 
of Agriculture. Agricultural ~~rketing Service. Farm income situation. 
July 1959. 
Unemployment as a percentage of the total work force: u. s. Bureau of 
the Census. Statistical abstracts of the United States: 1957. 
Washington, D. c., Authoro 1957. 
A computed index of the value of farm machinery: A starting point was 
taken for 1930 and deflated. For succeeding years, net additions to 
farm machinery are deflated and added to the previous year's total. 
U. s. Department of Agriculture. Agricultural Marketing Service. Farm 
income situation. July 1959. 
